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EXECUTIVE SUMMARY

This report is the Second Report to Congress on the atmospheric deposition of pollutants to
the Great Waters. Section 112 of the Clean Air Act (CAA) provides the legislative basis for
hazardous air pollutant (HAP) programs directed by the U.S. Environmental Protection Agency
(EPA). In response to mounting evidence that air pollution contributes to water pollution, Congress
included section 112(m), Azmospheric Deposition to Great Lakes and Coastal Waters, in the 1990 CAA.
Under this statute, EPA is required to periodically report to Congress on the results of this program.
Concurrent with the Second Report to Congress, EPA is to determine the adequacy of section 112
to prevent adverse effects to public health and serious or widespread environmental effects
associated with atmospheric deposition of HAPs to the Great Waters.

How does this report differ from the 1994 Report to Congress?

The First Report to Congress presented information about the health and environmental
effects associated with the pollutants of concern, relative atmospheric loadings, and the potential
sources of these loadings. The current report documents findings since the First Report to Congress
and describes recent progress in these issues. This report places emphasis on local and federal
activities, including many that support section 112(m) directives, taking place at specific waterbodies
such as the Great Lakes, Lake Champlain, and Chesapeake Bay, as well as coastal estuaries
designated through the National Estuary Program and National Estuarine Research Reserve System.
Due to the short time period since the First Report to Congress, much of the research data collected
during this time are still in the process of being analyzed; however, the objectives and status of these
efforts are described in the report. Furthermore, this report does not assess the linkage between the
potential sources, loadings, and effects of pollutants of concern because, as in the First Report to
Congress, the scientific information is currently not sufficiently complete. As such, unanswered
questions still remain as well as uncertainties for some issues. This report proposes a number of
future directions to reduce uncertainty in several areas.

Because this report is an update of the First Report to Congtress, the information presented
here cannot be used alone to develop recommendations regarding atmospheric deposition of
pollutants to the Great Waters. Rather, the scientific information summarized in this report,
together with the findings and recommendation identified in the First Report to Congress, can be
used to assess the extent of progress as a result of recommendations from the First Report to
Congtess and to determine what gaps in information still exist.

Has the Iist of Great Waters pollutants of concern changed?

The pollutants of concern to the Great Waters have not changed since the First Report to
Congress. The list consists of 15 pollutants (see sidebar on next page) including pesticides, metal
compounds, chlorinated organic compounds, and nitrogen compounds. These pollutants have been
selected based on information regarding their health and environmental effects and evidence that
they are atmospherically deposited to the Great Waters. Most are bioaccumulative chemicals that
persist in the environment for long periods. Many of these pollutants are listed as chemicals of
concern on toxics lists for individual waterbodies at the local and statewide level.
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What are the environmental and
public health effects of the
pollutants of concern to the Great

Waters?

Recent scientific information confirms
adverse effects data presented in the First
Report. The pollutants are associated with
deleterious effects on many target organs in
humans and animals, including the liver, kidney,
nervous system, endocrine system, reproductive
organs, and immunological system. Few new
developments have occurred in this area,
although there is a growing interest about the
potential for some pollutants to act on and
disrupt the endocrine system in wildlife and
possibly in humans.

The 15 Great Waters
Pollutants of Concern

Cadmium and cadmium compounds
Chlordane

DDT/DDE

Dieldrin

Hexachlorobenzene (HCB)
a-Hexachlorocyclohexane (a-HCH)
Lindane (y-hexachlorocyclohexane; y-HCH)
Lead and lead compounds

Mercury and mercury compounds
Polychlorinated biphenyls (PCBs)
Polycyclic organic matter (POM)
Tetrachlorodibenzo-p-dioxin (TCDD; dioxins)
Tetrachlorodibenzofuran (TCDF; furans)
Toxaphene

Nitrogen compounds

As in the First Report to Congress, the contribution of atmospheric deposition of the
pollutants and subsequent exposure to potential human health and ecological effects cannot be
quantified at this time. Pollutants deposited from the air directly into a waterbody may have routes
of exposure to aquatic life that differ from exposure by waterborne inputs; however, there are few
studies available to address this issue. There is currently no information to suggest that effects
produced by pollutants deposited from the air will be different from effects by these pollutants
carried in water or found in sediment. Contamination in fish can enter the diet of humans and other
animals and, therefore, fish-eating birds or mammals are especially at risk from pollutants that
biomagnify because they are exposed to concentrated levels of these pollutants. Evaluation of
potential human health effects of pollutants of concern is based almost completely on laboratory
studies in animals. The data from these studies may be extrapolated to assess potential adverse
effects in humans; however, uncertainties may exist as to the exposure levels at which these potential
effects may occur. Atmospheric deposition of nitrogen compounds can contribute significantly to
eutrophication in coastal waters, where plant productivity is usually limited by nitrogen availability.
Accelerated eutrophication and its subsequent effects such as nuisance algal blooms and reduced
oxygen levels pose significant problems for Chesapeake Bay and many other estuaries.

Do water quality exceedances or fish advisories continue to occur as a result
of pollution loadings to the Great Waters?

Current water quality criteria exceedances and fish advisories suggest that toxic
contamination by persistent toxics is present in the Great Waters. The contribution of atmospheric
deposition to the water quality exceedances and contaminant levels in fish is not known at this time.
More information on relative loadings of pollutants is needed to assess the extent of contamination

attributed to atmosphere.

Water quality criteria have been developed specifically for the Great Lakes, and exceedances
of these criteria continue to occur. Recent information is available for some pollutants, and in
general, these exceedances have declined in recent years. Fish advisories that are issued by states for
individual pollutants provide qualitative information about potential exposure and the extent of
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contamination in a waterbody. PCBs are most commonly the focus of fish advisories issued in the
Great Waters and their basins, with dioxins having the next highest occurrence of advisories.
Elevated levels in fish of other pollutants, such as chlordane and mercury, also have warranted fish
advisories in many states around the Great Waters.

What is currently known about the atmospheric deposition of the pollutants
of concern to the Great Waters?

The contribution of atmospheric deposition to overall pollutant loadings in the Great Waters
continues to be studied. Atmospheric loadings of pollutants result from wet deposition and dry
particle deposition and through air-water gas exchange. Described in this report are monitoring and
modeling studies relevant to atmospheric deposition that are currently taking place at the major
waterbodies of the Great Waters.

Recent atmospheric monitoring data from a binational monitoring network assessing trends
of atmospheric deposition to the Great Lakes region indicate that atmospheric levels of toxic
pollutants are declining slightly or leveling off and remain a significant concern in the Great Lakes.
Several recent activities in the Great Lakes have been initiated to characterize and reduce toxic
contamination and deposition to these waters. In the Lake Champlain basin, research on
atmospheric loading of mercury is currently underway in the basin. Early data show that
atmospheric mercury levels and deposition are comparable to those measured around the Great
Lakes.

Nitrogen and toxic contaminants are a concern in Chesapeake Bay and other coastal waters.
Excessive nitrogen loading can accelerate eutrophication and its adverse effects, such as nuisance
algal blooms and fish kills. Substantial progress has been made in addressing nitrogen
contamination issues in Chesapeake Bay, the largest U.S. estuary. A strategy has been developed by
the Chesapeake Bay Program for reducing the nitrogen load to the Bay. Part of this process
includes the large-scale modeling and understanding of the type and geographic origin of airborne
nitrogen to the Bay. Significant data also have been collected on rates and amounts of nitrogen
deposition (including comparison of direct and indirect deposition and of wet and dry deposition),
and models have been developed to evaluate the impact of several nitrogen reduction scenarios on
the Bay's water quality.

Since the First Report to Congtess, studies of other coastal waters, at National Estuary
Program waters in particular, have investigated the significance of atmospheric deposition of
nitrogen compounds to their waters. To improve understanding and reduction of nitrogen
deposition to Chesapeake Bay and other coastal waters, the Chesapeake Bay Program, various
National Estuary Programs, and the Gulf of Mexico Program continue to develop and refine
modeling and monitoring efforts by addressing uncertainties such as nitrogen retention in
watersheds, the differences in transport and fate of various nitrogen compounds, and the
contribution of nearshore ocean waters to the nitrogen inputs to estuaries.

What is currently known about the sources of atmospheric pollutant
deposition to the Great Waters?

Both local and long-range emission sources contribute to atmospheric deposition in the
Great Waters. Emission inventories on specific sources of the pollutants of concern are actively
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being developed and efforts to gather more information on the potential sources of contamination
continue. For example, EPA recently completed a national emissions inventory of known U.S.
sources of seven hazardous pollutants of concern listed under CAA section 112(c)(6). Identification
of the sources for total emissions of these pollutants is leading to an evaluation of the stationary,
anthropogenic source categories to determine whether they are currently regulated or scheduled for
regulation under the CAA. Some persistent pollutants are no longer produced through human
activities but may continue to affect the Great Waters environment through releases from existing
equipment and repeated cycling between the atmosphere, land, and waterbodies.

Understanding atmospheric processes is necessary for analyzing the relationships between
source emissions, relative loadings, and the potential for adverse effects in humans and the
environment. Because it is often difficult to establish these relationships clearly and quantitatively
through available measurement data (e.g., it can be difficult to differentiate between the contribution
of distant versus local sources to the loading of a pollutant to a particular waterbody), investigators
frequently use mathematical models of atmospheric transport and deposition. This report presents
the application of several atmospheric transport and deposition models to the Great Waters and
how these models compared to actual data from the waterbodies. Extensive modeling of nitrate
emissions and transport that can deposit to Chesapeake Bay has calculated the "airshed" of distant
as well as local sources.

What are EPA’s current conclusions from this Second Report to Congress?

The information presented in this report advances scientific knowledge on issues related to
atmospheric deposition of pollutants to the Great Waters and confirms the findings and conclusions
presented in the First Report to Congress. In general, concentrations of some persistent pollutants
in the Great Lakes, as monitored by sample measurements of contaminant levels in the air, water,
and biota, appear to have leveled off or declined only slightly in recent years.

EPA also has issued draft determinations that the provisions of CAA section 112 are
adequate to prevent serious adverse human health effects and serious or widespread environmental
effects as a result of atmospheric deposition of HAPs emitted by domestic stationary sources. At
this time, EPA believes that there is no information to suggest that additional regulations beyond
those authorized or required by section 112 are necessary or appropriate to prevent such effects.
The draft determinations will be issued for public notice and comment by June 30, 1997, and final
determinations will be made by March 15, 1998.

What future directions may be taken by EPA to support section 112(m)?

Described throughout the report are activities that have increased our knowledge of
atmospheric deposition of pollutants to the Great Waters. As new information becomes available on
atmospheric pollutant deposition to the Great Waters, additional questions or issues are expected to
arise that will require further investigation or action. At this time, EPA has identified the following
areas where information is limited and some specific steps that need to be taken to advance our
understanding of issues relevant to the Great Waters program:

° Define and proceed with management and regulatory actions for Great Waters
pollutants of concern, with a particular focus given to pollutants currently being
emitted to the air from sources that can be subject to regulations under the CAA (for
example, the seven pollutants of concern in section 112(c)(6));

“iv-



EXECUTIVE SUMMARY

Continue to support monitoring and research efforts on deposition to make
informed management decisions and to track reductions;

Perform exposure and effects studies that will build on the recent Great Lakes Water
Quality Criteria, which consider biomagnification. These studies will be coordinated
with an integrated research strategy on the persistent pollutants, their distribution
and concentrations, exposure routes, and associated effects;

Improve modeling efforts to estimate atmospheric loadings to Great Waters. For
example, adapt and apply the comprehensive approach developed for the Lake
Michigan Mass Balance Model to additional waterbodies;

Increase efforts to identify specific emissions sources of atmospheric deposition to
the Great Waters, both nearby and relatively distant from the waterbody, to develop
risk management strategies, as well as investigate the impact from cycling of
pollutants that are no longer used or manufactured in the United States;

Continue to promote pollution reduction in the Great Waters through local, regional,
and federal initiatives, as well as coordinated international efforts; and

Assess economic costs and benefits associated with reductions of pollutants to the
Great Waters, including identifying and quantifying, where possible, economic
impacts associated with exposure and effects indicators such as fish advisories,
habitat decline, diminished species diversity, fish kills, and declining or contaminated
shellfish and fish populations.



vi-



TABLE OF CONTENTS

PAGE

EXECUTIVE SUMMARY . ... i
LIST OF TABLES .. ... xi
LISTOF FIGURES . . ... e xii
LIST OF ABBREVIATIONS AND ACRONYMS ... ... .. i xiii
I OVERVIEW OF THE GREAT WATERSPROGRAM .................. ... ... ... 1
A. The Second Report to CONGLESS . . oo vttt ettt e 2
Goalsof the Report . ... .o 2

Report Preparation ...... ... 2

B. The First Report to CONGIESS .. ...ttt et e e 4

C. Highlights of Progress Since the First Report to Congress . .......... ... ... ..., 6

D. Pollutants of CONCEIN ... ...t e e 7

Great Waters Pollutants of Concern and Reasons for Inclusion .................. ... 7

Use of Pollutant Groups .. ...t e 11

Relationship of Pollutants of Concern to Section 112 and Other CAA Requirements .... 13

II. EXPOSURE AND EFFECTS ... ... .. e 15
A. Exposure Routes and Extent of Contamination ...................oiuuiiiniininn.... 17
Conclusions from the First Report to Congress . .......... ... ..o .. 17

Current Understanding of Exposure Routes and Extent of Contamination ............ 19

B. Contamination of Biota .. ... ... . 27
Sampling Biota for Contamination .. ..............uuuniinniinniuieinneennenn.n. 27

Biota Contamination by Major Waterbody ............ .. ... .. ... . ... . L 32

C. Ecological Effects ... .. ... .. 39
Conclusions from the First Report to Congress . .......... ... .. 39

Current Understanding of Ecological Effects ......... ... ... ... ... .. ... ... .. 41

D. Human Health Effects ........ ... 55
Conclusions from the First Report to Congress . .......... ... .. 55

Current Understanding of Human Health Effects ............... ... .. ... ... ... 56

E. Other Effects . ... o 67
Environmental Justice CONCEINS . ... ...ttt e 67

Commercial and Recreational Fishing Losses ............ .. ... . ... ... oo 69

Other Recreational LoSSEs .. ...t 69

III. ATMOSPHERIC TRANSPORT AND DEPOSITION PROCESSES .................. 71
A. Atmospheric Deposition and Environmental Cycling ............. ... .. ... .. ... .. 71

Wet Deposition ... ... 72

D1y Deposition ... ... 73

Gas Exchange Across the Air-Water Interface ............ ... . ... ... oo 74

Environmental Cycling of Semi-Volatile Compounds ............................. 75

B. Atmospheric Transport and Deposition Models .............. ... . ... o il 76

Mass Balance Models ....... ... 77

Receptor Models ... ..o 78

Air Quality Simulation Models . ...... ... ... 79

C. Comparing Models Used in Great Waters Studies .. ....... ..., 81

-vii-



Iv.

TABLE OF CONTENTS

(continued)
PAGE
MAJOR WATERBODIES OF THE GREAT WATERS: An Ovetview of Programs
and Efforts Addressing Atmospheric Deposition ................. ... ... ... ... ..., 85
Ao The Great Lakes ..o 89
Atmospheric Deposition of Great Lakes Contaminants ............................ 91
Program Actions to Characterize Atmospheric Contamination in the Great Lakes .. ... 100
Toxics Reduction Efforts in the Great Lakes .................. ... o ... 107
Addressing Data Gaps/Future Needs ............ ... ..o i ... 116
B. Lake Champlain ... ... . e 119
Characterizing Toxic Contaminants in Lake Champlain ............ ... ... ... ... 121
Addressing Toxic Contamination Reduction in Lake Champlain .................... 126
C. Chesapeake Bay . ... .. . 129
Chesapeake Bay Program ....... ... ... ... . . 129
Atmospheric Deposition of Nitrogen to Chesapeake Bay ......................... 132
Toxic Contaminant Deposition to the Chesapeake Bay ............. ... ... ... ... 148
D. Coastal Waters . ... ..ot 161
National Estuary Program ......... ... i 161
National Estuarine Research Reserve System ............ ... .. ... . ... .. ..., 163
Gulf of Mexico Program . ... .. 163
Studies of Atmospheric Deposition in NEP and Other Coastal Waters .............. 165
Future Research Needs in NEP and Other Coastal Waters .............. ... ... .... 172
CONCLUSIONS AND FUTURE DIRECTIONS ........... ... ..., 175
A. Reporting on the Role of Atmospheric Deposition to the Great Waters and
Specific Actions Proposed . ... ... 177
Contribution of Atmospheric Deposition to Pollutant Loadings in the Great Waters ... 177
Contribution of Atmospheric Deposition to Adverse Human Health Effects or
Adverse Environmental Effects in the Great Waters ............................. 179
Emission Sources that Contribute to Atmospheric Deposition in the Great Waters . ... 181
Contribution of Atmospheric Pollutant Loading to Exceedances of Water Quality
Standards and Drinking Water Standards or Exceedances of Objectives of the Great
Lakes Water Quality Agreement . ...t 183
Description of Revisions to Requirements, Standards, or Limitations Pursuant to the
Clean Air Act and Other Applicable Federal Laws, as Necessary ................... 183
B. Future DIfeCtions . ...... ... 185
Determine Management/Regulatory Actions for Focus Pollutants  ................. 185
Continue Monitoring and Research Efforts to Support Management/Regulatory
ACHONS oottt 186
Expand Modeling Efforts to Estimate Atmospheric Loadings to Great Waters ........ 188
Increase Focus on Identification of Emissions Sources ..................... .. .... 188
Continue to Promote Pollution Reduction in the Great Waters .................... 188

Assess Economic Impact of Pollution to the Great Waters ....................... 190

-viii-



TABLE OF CONTENTS

(continued)

PAGE

V. CONCLUSIONS AND FUTURE DIRECTIONS (continued)
C. Draft Determination of Whether CAA Section 112 Authorities are Adequate to Prevent Adverse

Effects to Public Health and the Environment from Deposition of HAPs ................... 190
REFERENCES ... .. 193
APPENDICES

A. Status of Actions Recommended in First Report to Congtess ...............cooovoi... A-1

B. Fish Consumption AdVISOTIES . . .« ..ottt et et e B-1

_ix-






I-1
1-2
1I-1
11-2

1I-3
11-4
II-5
II-6
II-7

I1-8
11-9
1I-10

II-11

II1-1
V-1
V-2
IV-3

IV-4
V-5

V-6
V-7
IV-8
V-9
IV-10
IV-11
IV-12

LIST OF TABLES

Pollutants of Concern in the Great Waters ....... ... ... ... 9
Great Waters Pollutants of Concern and CAA Section 112 ... ... . ... o o .. 13
Summary of Water Quality Criteria Used for Comparison in This Report .................... 20
Comparison of Water Quality Criteria to Pollutant Concentrations in the

Great Lakes . ... o 21
Concentration of Total PCBs in Lake Superior Water Column ............................. 22
Commercial Fishing Bans in the Great Waters ......... ... ... i, 24
Fish Consumption Advisories in the Great Lakes and Lake Champlain ...................... 25
Fish Consumption Advisories in Selected Coastal Waters .................. ..o i 25
Eight-Year Trends of Pollutant Concentrations in Mussel Watch Project

(1980-1003) oo 31
Potential Effects of the Pollutants of Concern on Aquatic Life and Wildlife .................. 45
Potential Human Health Effects Associated With Pollutants of Concern ..................... 59
Mean Serum PCB and DDT Levels in Fish Eaters and Controls

(1982 vs. 1989) oot 62
Lifetime Cancer Risks in Various Great Lakes Subpopulations Versus EPA's Appropriate Range of
Risk to Human Health . ... . . 67
Summary of Atmospheric Transport and Deposition Models Applied to the Great Waters . ... .. 83
Atmospheric Loading Estimates for Selected Pollutants in the Great Lakes ................... 93

Average Estimated Atmospheric Loadings of Selected Pollutants to the Great Lakes (1991-1993) . 94
Specific Pollutant Reduction Goals Under the Great Lakes Binational Toxics

SHEALEEY . oot 112
Summary of Some Major Programs to Address Atmospheric Contamination in the Great Lakes . 117
Comparison of Mean Total Atmospheric Mercuty Concentrations (Gaseous and Particulate Phases

and in Precipitation) ... ... ...ttt e 124
Comparison of Annual Mercury Deposition Estimates ............ ... ... ... ... ... .... 125
Chesapeake Bay Basin Nutrient Reduction and Loading Caps by Major Tributary Basin ....... 133
Nitrogen Retention Assumptions Used in Chesapeake Bay Loading Studies ................. 141

Annual Atmospheric Loadings of Trace Metals and Organic Contaminants to the Chesapeake Bay 157
Relative Importance of Sources of Trace Metals and Organic Contaminants to Chesapeake Bay . 159
Estimates of Atmospheric Nitrogen Loadings to Selected Coastal Waters ................... 166
Studies of Atmospheric Loadings of Toxic Pollutants to NEP Coastal Waters ............... 167

—xi-



I-1
1I-1
11-2
II1-1
V-1
IV-2
IV-3
IV-4
IV-5
IV-6
V-7
IV-8
IV-9
IV-10
IV-11
IV-12
IV-13
IV-14
IV-15
IV-16
IvV-17

IV-18

IV-19

IV-20

LIST OF FIGURES

Locations of the Great Waters . ... ... i i
Assessing Contamination in a Waterbody .......... ... i i i i
Role of Ah Receptor in Biological Responses to Dioxin Exposute ..........................
Atmospheric Deposition Processes .. ... ...
GreatLakes Basin ... ... ..
PCBs and DDT in Lake Trout from Lake Michigan ......... ... . ... .. ...
Seasonal Atmospheric Loadings of PCBs in Lake Michigan (1994) .......... ... ... . ... .. ...
Atmospheric Loadings of Lead to the Great Lakes (1988-1994) ....... ... ... .. ... .. .....
Atmospheric Monitoring Sites in the Great Lakes Region ......... .. ... ... . ... .. ....
Lake Champlain Basin ... ... ..
Atmospheric Mercury in Lake Champlain Basin .......... . ... . ... o . o i
Chesapeake Bay Watershed . ... ...
Major Tributary Basins of the Chesapeake Bay .......... ... ... ... o o o oL
Chesapeake Bay Airshed ... ...
NO, Emission Sources in the Major Bay Influencing States ................. ... ... .. ....
RADM Total (Wet and Dry) Nitrate Deposition from Utility Sources ......................
RADM Total (Wet and Dry) Nitrate Deposition from Mobile Sources .....................
Watershed and Estuary Model Integration . ......... ... o i ..
Integrated Model IMProvements .. ... ...t it ittt
Reductions in Anoxia Under Nutrient Reduction Scenarios . ... ...

Sampling Locations for Chesapeake Bay Toxic Contaminant Atmosphetic

Deposition StudIies .. ... ..ot
Comparison of 13 PAHs and Total PCBs in Precipitation (1992) from

Chesapeake Bay and Great Lakes Sampling Sites ........ ... .. ... . i i
Compatison of Chesapeake Bay and Great Lakes Atmospheric Depositional

FIUXES oot
Locations of NEP and NERRS Sites .. ...

—X1i-



Ah

AOC
AQSM
ATSDR
AWQC
B(a)P
CAA
CBADS
CBOS
CBP
CCMP
CMB
CWA
DDD
DDE
DDT
DES

dL.
EMAP
EPA
FDA

g
GLWQA
GLWQB
GLWQC
GLWQG
GLWQO
GMP
HAP
HCB
o-HCH, y-HCH
Hg
TADN
ife

kg

km, km? km’®
L

LaMP
LCBP
LMUATS
LQER
MACT
MCL

m? m’

Mg, ug
mg
NAAQS
NADP
NAPAP
NEP
NERRS

ng

LIST OF ABBREVIATIONS AND ACRONYMS

Aryl hydrocarbon

Area of Concern

Air quality simulation model

Agency for Toxic Substances and Disease Registry
Ambient water quality criterion or criteria
Benzo(a)pyrene

Clean Air Act

Chesapeake Bay Atmospheric Deposition Study
Chesapeake Bay Observing System

Chesapeake Bay Program

Comprehensive Conservation and Management Plan
Chemical mass balance

Clean Water Act
Dichlorodiphenyldichloroethane
Dichlorodiphenyldichloroethylene
Dichlorodiphenyltrichloroethane
Diethylstilbestrol

Deciliter

Environmental Monitoring and Assessment Program
U.S. Environmental Protection Agency

Food and Drug Administration

Gram

Great Lakes Water Quality Agreement

Great Lakes Water Quality Board

Great Lakes Water Quality Criteria

Great Lakes Water Quality Guidance

Great Lakes Water Quality Objective

Gulf of Mexico Program

Hazardous air pollutant

Hexachlorobenzene
alpha-Hexachlorocyclohexane, gamma-Hexachlorocyclohexane
Mercury

Integrated Atmospheric Deposition Network
International Joint Commission

Kilogram

Kilometer, square kilometer, cubic kilometer
Liter

Lakewide Management Plan

Lake Champlain Basin Program

Lake Michigan urban air toxics study
Lesser-quantity emission rates

Maximum achievable control technology
Maximum contaminant level

Square meter, cubic meter

Microgram

Milligram

National ambient air quality standard

National Atmospheric Deposition Program
National Acid Precipitation Assessment Program
National Estuary Program

National Estuarine Research Reserve System
Nanogram

LIST OF ABBREVIATIONS AND ACRONYMS

(continued)

-xili-



NOAA
NO,
NS&T
OAQPS
OTC
PAH
PCA

PCB
pGLWQC
POM
ppb, ppm
RADM
RAP
RAPIDS
RELMAP
REMSAD
RPM

SAB

SAV
SETAC
SOLEC
TBADS
TCDD
TCDF
TRIADS
TSCA
VOC

yr

National Oceanic and Atmospheric Administration
Oxides of nitrogen

National Status and Trends

Office of Air Quality Planning and Standards

Ozone Transport Commission

Polycyclic aromatic hydrocarbon

Principal component analysis

Polychlorinated biphenyl

Proposed Great Lakes water quality criteria
Polycyclic organic matter

Parts per billion, parts per million

Regional Acid Deposition Model

Remedial Action Plan

Regional Air Pollutant Inventory Development System
Regional Lagrangian Model of Air Pollution
Regional Modeling System for Aerosols and Atmospheric Deposition
Regional Particulate Model

Science Advisory Board

Submerged aquatic vegetation

Society of Environmental Toxicology and Chemistry
State of the Lakes Ecosystem Conference

Tampa Bay Atmospheric Deposition Study
Tetrachlorodibenzo-p-dioxin
Tetrachlorodibenzofuran

Texas Integrated Atmospheric Deposition Study
Toxic Substances Control Act

Volatile organic compound

Year

-Xiv-



CHAPTERI
OVERVIEW OF THE GREAT WATERS PROGRAM

Section 112 of the Clean Air Act (CAA) provides the legislative basis for hazardous air
pollutant (HAP) programs directed by the U.S. Environmental Protection Agency (EPA). In
response to mounting evidence that air pollution contributes to water pollution, Congress included
section 112(m), Atmospheric Deposition to Great Lakes and Coastal Waters, in the 1990 Amendments to
the CAA to establish research, reporting, and potential regulatory requirements related to
atmospheric deposition of HAPs to the "Great Waters." EPA coordinates activities to address the
requirements of section 112(m) under the Great Waters program.

This report fulfills the requirements in section 112(m)(5), which directs EPA, in cooperation
with National Oceanic and Atmospheric Administration (NOAA), to periodically submit a Report
to Congress on atmospheric deposition to the Great Waters. The report is to describe "results of
any monitoring, studies, and investigations conducted pursuant to" section 112(m). The First
Report to Congress on atmospheric deposition to the Great Waters, referred to throughout this
report as the "First Report to Congtess," was published in May 1994 (U.S. EPA 1994a). This
document is the Second Report to Congress and is intended to be an update of the information
presented in the First Report to Congress.

The waterbodies collectively referred to as the "Great Waters" in this report are the Great
Lakes, Lake Champlain, Chesapeake Bay, and specific coastal waters (i.e., defined in the statute as
coastal waters designated through the National Estuary Program and the National Estuarine
Research Reserve System). (See Figure I-1 for the locations of these waterbodies.)

FIGURE I-1
Locations of the Great Waters
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I.A  The Second Report to Congress

Goals of the Report

The main objective of this report is to update what is known about atmospheric deposition
of pollutants to the Great Waters based on the scientific data available since publication of the First
Report to Congress. The report focuses on research and activities in specific waterbodies to further
understand and promote reductions of overall contaminant loadings to the Great Waters. In
addition, this report includes a brief discussion of EPA's draft determination of the adequacy of
section 112 to protect the Great Waters from deposition of HAP emissions from domestic
stationary sources (see Chapter V).

EPA intends for this report to be an update of the First Report to Congress and has
attempted to minimize restating information. In some instances, important findings or issues raised
in the First Report to Congtress are reiterated in this report to provide background information or to
highlight an issue that continues to be significant to the Great Waters. For more detailed
information on atmospheric deposition to the Great Waters, readers are encouraged to refer to the
First Report to Congress (U.S. EPA 1994a), which summarized the scientific understanding of
atmospheric deposition at that time and identified regulatory and research needs.

The scientific information presented in this report, together with the findings and
recommendations identified in the First Report to Congress, should be used together to assess the
progress since the First Report to Congress, and what data gaps still exist. Because of the short time
period since the First Report to Congress, projects that were initiated after the release of the report
or multi-year fieldwork projects, in most instances, are still in the data-gathering stage. Therefore,
the results of these efforts cannot yet be analyzed. However, the objectives and status of these
efforts are described in the report.

As in the First Report to Congress, the Second Report shows that data on effects, loadings,
and sources are available to a certain extent; however, information to assess the linkage between
these components remains inadequate, and therefore, unanswered questions, as well as uncertainties,
persist for some of these issues. This report proposes a number of future directions (see Chapter V)
to reduce uncertainty in several areas.

Report Preparation

The information in this report was collected from several sources. The references cited are
generally from published peer-reviewed journals, government reports, and conference proceedings.
The report uses sources that provide relevant information on Great Waters issues, but does not
attempt to be comprehensive in the references cited. In general, literature published by late fall 1996
is included. Data on human health and ecological effects of pollutants of concern are based on a
search for scientific literature published between completion of the background document on
exposure and effects from the First Report to Congress (Swain et al. 1992a) through 1995. In a few
instances throughout the report, more recent articles are included. In addition, in sections that are
new to this report, older articles may be cited. Interested parties who know of other studies that
may be pertinent to issues regarding atmospheric deposition to the Great Waters are encouraged to
submit a copy of the article or a complete citation of the reference to EPA. Every effort will be
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made by EPA to review the article and to determine whether the information is relevant for the
Third Report to Congress on atmospheric deposition to the Great Waters.

In addition to literature searches for current information on effects, current scientific
information about atmospheric deposition to the Great Waters was compiled from two symposia
held at the annual meeting of the Society of Environmental Toxicology and Chemistry (SETAC) in
Denver, Colorado, from October 31 through November 4, 1994. Invited researchers presented
findings from current research relevant to the Great Waters program. These findings have been
assembled in a book entitled A#mospheric Deposition of Contaminants to the Great Lakes and Coastal Waters
(Baker 1997)." In addition, EPA incorporated findings from recent investigations that have been
funded by and/or conducted in connection with the Great Waters program, and has integrated
findings from other significant EPA projects such the reassessment of dioxin and dioxin-like
compounds (U.S. EPA 1994c, 1994d). Much of the waterbody-specific information presented in
this report was provided by the EPA offices that coordinate investigation, restoration, and
maintenance efforts in that waterbody (e.g., Great Lakes National Program Office, Chesapeake Bay
Program Office).

The available waterbody-specific information on deposition of air pollutants focuses in large
part on the Great Lakes and Chesapeake Bay. The Great Lakes have been a focus of the Great
Waters Reports to Congress because, with their importance as the largest freshwater system in the
United States and the observations reported for decades of toxic contamination in organisms living
in the Great Lakes, there exists the best base of information on which to build. In addition, studies
from the 1980s show atmospheric deposition to be a significant route of introducing pollutants to
the Lakes. Knowledge gained of the conditions of the Great Lakes is useful in evaluating
atmospheric deposition in other freshwaters as well. For example, researchers at Lake Champlain
have developed scientific programs to determine the role of atmospheric deposition, particularly
mercury, in water pollution. This report also focuses on Chesapeake Bay because accelerated
eutrophication and its effects on the Bay have been recognized for over a decade. Accelerated
eutrophication in the Bay is attributed, in part, to nitrogen loadings deposited from the atmosphere
to the surrounding watershed, as well as directly into the Bay itself. Similar circumstances affect
other U.S. estuaries, and information collected and applied in Chesapeake Bay will be useful for
these waterbodies. For example, EPA has sponsored studies to refine the methodology used for
estimating sources of nitrogen in Chesapeake Bay and to apply the methodology to estuaries in
Galveston Bay, Texas, and Tampa Bay, Florida. A discussion of atmospheric deposition specific to
each of the Great Waters — Great Lakes, Lake Champlain, Chesapeake Bay, and other coastal
waters — is presented in Chapter I'V.

The remaining sections of this chapter provide an overview of the findings from the First
Report to Congress, as well as recent research activities in the Great Waters, followed by discussion
of the air pollutants that are of particular concern to the Great Waters.

! Baker (1997) was still in press as of June 30, 1997.
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I.B The First Report to Congress

The objective of the First Report to Congress was to describe what was known about
atmospheric deposition of toxic chemicals to the Great Waters and present any appropriate
regulatory recommendations based on the scientific information available at the time. The scientific
content of the First Report to Congress was based mainly on three background documents prepared
by committees of leading independent scientists (Baker et al. 1993; Keeler et al. 1993; Swain et al.
1992a). The information in these documents was used to answer three main scientific questions,
develop scientific and policy conclusions, and recommend next steps. The three scientific questions
were:

1. What human health and environmental effects are associated with the pollutants of
concern in the Great Waters?

2. What is the relative importance of atmospheric deposition in causing contamination
in the Great Waters?

3. What sources are significant contributors to atmospheric loadings to the Great
Watetrs?

From the data compiled, three general responses to these questions were developed:

¢ Adverse effects (e.g., cancer, developmental effects) in humans and animals associated with
exposure to the Great Waters pollutants of concern are fairly well understood. However,
data are insufficient to establish a quantitative link between atmospheric deposition of these
pollutants and their related effects.

¢ Atmospheric deposition can be a significant contributor of toxic chemicals to the Great
Waters. The relative importance of atmospheric loading for a particular chemical in a given
waterbody depends on characteristics of the waterbody, properties of the chemical, and the
kind and amount of airborne, waterborne, and other sources.

¢ Many sources and source categories of pollutants of concern to the Great Waters have been
identified. However, identification of particular sources responsible for the deposited
pollutants in specific waterbodies is complicated since atmospheric loadings can originate
from local, regional, and global sources.

Specific conclusions from the First Report to Congress, based on scientific data available at
that time, included:

¢ Persistence and the tendency to bioaccumulate, critical characteristics of the Great Waters
pollutants of concern, result in potentially greater human and ecological exposure to a
pollutant in the environment.

¢ Exceedances of water quality criteria and standards have occurred for some of the pollutants
in some waterbodies.
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¢ Adverse effects on human health and wildlife have been observed due to exposure, especially
through fish consumption, to persistent pollutants that bioaccumulate.

L4 In addition to cancer, noncancer effects (e.g., nervous system damage, immunological
effects) caused by the pollutants can be a significant human health concern, and may affect
some individuals exposed to levels above certain thresholds. Developing embryos and
fetuses and breast-fed infants are given greater attention because they may be more
susceptible than the general population to the adverse effects of these chemicals.

¢ Ecological effects on animal populations due to the pollutants of concern can be significant,
such as immune function impairment, reproductive problems, and neurological changes that
affect survival. Sometimes the effects on wildlife may be delayed and/or the symptoms
subtle so that the effects are easily overlooked.

¢ Eutrophication resulting from excess nitrogen inputs is a major problem in some U.S.
estuarine and coastal waters, and the relative contribution from atmospheric deposition of
nitrogen to this problem can be significant. Ecological effects, ranging from nuisance algal
blooms to oxygen depletion and fish kills, and adverse economic impacts to the waterbody
region may result.

L4 Case studies have shown that atmospheric deposition can be a major contributor of mercury,
nitrogen, polycyclic organic matter (POM), and polychlorinated biphenyls (PCBs) in
waterbodies. The available information generally includes relative loadings estimates.
Attention also should be given to the absolute quantity of the loadings because even small
amounts of pollutants that bioaccumulate may produce a significant burden in fish and,
ultimately, in humans and other fish-eating animals.

¢ Airborne emissions from both local and distant sources contribute to atmospheric deposition
of pollutants to waterbodies. Deposition patterns can be influenced by characteristics of the
pollutants and the source, and by weather and transport patterns.

¢ Continued research is needed, especially to help determine atmospheric contributions, to
identify sources, to evaluate effects from low exposure levels, and to target HAPs that may
pose the most significant risk to human health and aquatic resources.

Readers should refer to the First Report to Congtress for discussion of the specific
conclusions.

Based on the scientific conclusions in the First Report to Congress, EPA's principal policy
conclusion was that reasonable actions are justified by the available scientific information, even
though there are significant uncertainties associated with this information. While additional research
is needed to reduce these uncertainties, reasonable actions to decrease atmospheric loadings need
not wait for results of such information. To carry out its policy conclusion, EPA identified several
recommendations for action, which were divided into three strategic themes:

1. EPA will continue ongoing efforts to implement section 112 and other sections of
the CAA, as amended in 1990, and use the results of the First Report to Congress in
the development of policy that will reduce emissions of the Great Waters pollutants
of concern.
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2. EPA recognizes the need for an integrated multimedia approach to the problem of
atmospheric deposition of pollutants to waterbodies and, therefore, will utilize
authorities beyond the CAA to reduce the human and environmental exposure to
Great Waters pollutants of concern.

3. EPA will continue to support research activities and will develop and implement a
strategy describing necessary research and policy assessments to address the
mandates of section 112(m).

The specific action items based on these three strategic themes are described in detail in the
First Report to Congress. The current status of each of the recommended action items is presented

in Appendix A.

I.C Highlights of Progress Since the First Report to Congress

Much progress has been
made since the First Report to
Congress on research and other
activities related to atmospheric
deposition, especially activities that
support section 112(m) mandates
(see sidebar). The activities
described in this report include
those carried out by many national
and regional EPA offices, as well as
NOAA and a number of states
(i.e., the programs and research
were not all performed by the
Great Waters program in EPA's
Office of Air and Radiation). This
report does not, however, attempt
to be comprehensive in describing
all the activities of these offices. A
brief overview of some of the
activities undertaken is presented
below.

¢ EPA has worked with the
Great Lakes States to
continue development of
regional emission
inventories for the Great
Lakes and a data storage
and retrieval system. Data
collection was recently
completed, and the data
base will be updated

EPA Activities Addressing
Section 112(m) Requirements

Section 112(m) directs EPA, in cooperation with NOAA, to
identify and assess the extent of atmospheric deposition of toxic
pollutants to the Great Waters. As part of the assessment, EPA
supports the following activities:

» Monitoring of atmospheric deposition, including the
establishment of monitoring networks in the Great Lakes,
Chesapeake Bay, Lake Champlain, and coastal waters;

» Investigation of sources and deposition rates of air pollutants;

» Research for developing and improving monitoring methods
and for determining the relative contribution of atmospheric
pollutants to total pollutants in the Great Waters;

« Evaluation of adverse human health and environmental
effects;

« Identification of exceedances of water quality and drinking
water standards;

» Sampling of fish and wildlife for pollutants of concern;
» Characterization of sources of pollutants of concern; and

» Determinations of whether section 112 authority is "adequate
to prevent serious adverse effects to public health and
serious or widespread environmental effects" associated with
atmospheric deposition of HAPs to the Great Waters, and of
whether further emissions standards or control measures to
prevent such effects are necessary and appropriate. Based
on these determinations, EPA is directed to take additional
measures, as necessary and appropriate, to prevent such
adverse effects to human health and the environment.

-6-
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above.

I.D

annually. Work will continue to characterize mobile source emissions and to improve the
accuracy of the emissions inventory. Determining, categorizing, and estimating the
magnitude of pollutant sources will be a significant step toward reduction of atmospheric
loading of pollutants to the Great Lakes.

Quantitative data continue to be gathered on atmospheric deposition of pollutants including
PCBs, DDT, dieldrin, and lindane in each of the Great Lakes through the Integrated
Atmospheric Deposition Network (IADN) (a joint U.S./Canadian monitoring network).
Recent data have been incorporated into deposition estimates for 1994, thereby allowing
comparison of data to 1992 results.

Atmospheric mercury concentration and deposition have been monitored continuously in
the Lake Champlain region in the last few years, which will be important for determining
atmospheric deposition trends in the lake basin.

A large-scale airshed model for Chesapeake Bay has been developed to determine the general
geographical location and type of sources of nitrogen emissions, and the relative
contributions of different sources and patterns of nitrogen deposition to the Bay watershed
and directly to tidal surface waters. Models of the Chesapeake Bay airshed, watershed, and
tidal waters were extensively revised to link daily atmospheric deposition loading data to
models of water quality impacts in the tidal Bay and resultant influences on Bay underwater
grasses, bottom benthic communities, and overlying fish habitat.

The Chesapeake Bay Atmospheric Deposition Study (CBADS) network was established and
the resultant data have been used to quantify atmospheric loadings and depositional fluxes of
toxic contaminants to the Bay, as part of the development of a larger basinwide chemical
contaminant loading and release inventory.

Research stations have been established to measure atmospheric deposition of nitrogen and
other selected pollutants in Tampa Bay, Galveston Bay, and Pamlico Sound and adjacent
estuaries (e.g, Neuse River Estuary, Newport River Estuary); collected data will be used to
determine annual atmospheric loadings of these pollutants and the relative contribution of

remote and local sources to atmospheric deposition in the waterbodies.

Chapter IV of this Report to Congress provides more details on the activities highlighted

Pollutants of Concern

Great Waters Pollutants of Concern and Reasons for Inclusion

As did the First Report to Congtess, this report focuses on selected pollutants of concern

(see sidebar on next page). These pollutants are potentially of concern for atmospheric deposition
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to the Great Waters.” The general types of sources and uses (and use restrictions) of these pollutants

are briefly summarized in Table I-1.

The list of 15 Great Waters pollutants
of concern has not been expanded since the
First Report to Congress. Three pesticides,
atrazine, hexachlorobutadiene, and
methoxychlor, mentioned in the First Report,
continue to be considered by EPA as potential
future additions to the Great Waters list of
pollutants of concern. Atrazine warrants
continued attention as a potential pollutant of
concern because of its widespread occurrence
(e.g., commonly used in the Great Lakes
basin), its at-least moderate persistence, and its
potential to cause a variety of effects on biota.
For these reasons, atrazine is also one of the
chemicals of focus for the Lake Michigan Mass
Balance Study (discussed in Chapter IV). The
other two pesticides under consideration for
future addition, hexachlorobutadiene and
methoxychlor, are both on the CAA HAPs list
and have the potential to bioaccumulate in the
food web. Additional information suggests
that atrazine and methoxychlor are potential

endocrine disruptors, a group of chemicals that

Great Waters Pollutants of Concern

Cadmium and cadmium compounds

Chlordane

DDT/DDE

Dieldrin

Hexachlorobenzene (HCB)

a-Hexachlorocyclohexane (a-HCH)

Lindane (y-hexachlorocyclohexane; y-HCH)

Lead and lead compounds

Mercury and mercury compounds

Polychlorinated biphenyls (PCBSs)

Polycyclic organic matter (POM)

Tetrachlorodibenzo-p-dioxin, 2,3,7,8-
(TCDD; dioxins)

Tetrachlorodibenzofuran, 2,3,7,8-
(TCDF; furans)

Toxaphene

Nitrogen compounds

Under Evaluation for Addition to Great Waters List

Atrazine
Hexachlorobutadiene
Methoxychlor

mimic or otherwise interfere with hormones in the body, resulting in various adverse biological

effects.

The 15 pollutants of concern for the Great Waters were selected based on available data on
their effects and deposition. Reasons for selecting these pollutants include:

L4 All the pollutants, except for nitrogen compounds, petsist in the environment and/ot have a
high potential to accumulate in living organisms. All the pollutants can cause adverse effects

in humans and the environment.

¢ All 15 pollutants are known air pollutants and are known to be present in atmospheric

deposition (e.g., rainfall, dry deposition).

¢ Data indicate that these pollutants are present in the waters and biota of the Great Waters
and that one route of pollutants to these waterbodies is atmospheric deposition.

*The pollutants of concern are not considered to be inclusive of @/ chemicals that may, now or in the future, be an important
component of atmospheric deposition to the Great Waters. While nitrogen is not listed as a HAP under section 112(b) of the CAA,
this report examines the contribution of excess levels of nitrogen to eutrophication. Acidification or "acid rain" is not discussed

because it is addressed under a separate CAA program.
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TABLE I-1
Pollutants of Concern in the Great Waters

a

Pollutant

Examples of Uses "

Cadmium and compounds

Naturally occurring element used in metals production processes, batteries, and solder. Often released
during combustion of fossil fuels and waste oil, and during mining and smelting operations.

Chlordane Insecticide used widely in the 1970s and 1980s. All U.S. uses except termite control cancelled in 1978;
use for termite control voluntarily suspended in 1988. Use of existing stocks permitted.

DDT/DDE Insecticide used widely from introduction in 1946 until significantly restricted in U.S. in 1972. Still used
in other countries. Used in U.S. for agriculture and public health purposes only with special permits.

Dieldrin Insecticide used widely after introduction in late 1940s. Used in U.S. for termite control from 1972 until

registration voluntarily suspended in 1987.

Hexachlorobenzene

Fungicide used as seed protectant until 1985. By-product of chlorinated compound and pesticide
manufacturing. Also a by-product of combustion of chlorine-containing materials. Present as a
contaminant in some pesticides.

a-Hexachlorocyclohexane
(o-HCH)

Component of technical-HCH, an insecticide for which use is restricted in U.S., but which is used widely
in other countries.

Lindane
(y-Hexachlorocyclohexane;
y-HCH)

An insecticide used on food crops and forests, and to control lice and scabies in livestock and humans.
Currently used primarily in China, India, and Mexico. U.S. production stopped in 1977. Use was
restricted in 1983; however, many uses are still registered, but are expected to be voluntarily cancelled
in the future.

Lead and compounds

Naturally occurring element commonly used in gasoline and paint additives, storage batteries, solder,
and ammunition. Released from many combustion and manufacturing processes and from motor
vehicles. Use in paint additives restricted in U.S. in 1971. U.S. restrictions on use in gasoline additives
began in 1973 and have continued through the present, with a major use reduction in the mid-1980s.

Mercury and compounds

Naturally occurring element often used in thermometers, electrical equipment (such as batteries and
switching equipment), and industrial control instruments. Released from many combustion,
manufacturing, and natural processes. Banned as a paint additive in U.S. in both interior (1990) and
exterior (1991) paint.

Polychlorinated biphenyls (PCBs)

Industrial chemicals used widely in the U.S. from 1929 until 1978 for many purposes, such as coolants
and lubricants and in electrical equipment (e.g., transformers and capacitors). In the U.S., manufacture
stopped in 1977 and uses were significantly restricted in 1979. Still used for some purposes because of
stability and heat resistance, and still present in certain electrical equipment used throughout the United
States.

Polycyclic organic matter (POM)°

Naturally occurring substances that are by-products of the incomplete combustion of fossil fuels and
plant and animal biomass (e.g., forest fires). Also, by-products from steel and coke production and
waste incineration.

TCDD (dioxins)

By-product of combustion of organic material containing chlorine, chlorine bleaching in pulp and paper
manufacturing, and diesel-fueled vehicles. Also a contaminant in some pesticides.

TCDF (furans)

By-product of combustion of organic material containing chlorine, chlorine bleaching in pulp and paper
manufacturing, and diesel-fueled vehicles. Also a contaminant in some pesticides.

Toxaphene

Insecticide used widely on cotton in the southern U.S. until the late 1970s. Most U.S. uses banned in
1982; remaining uses cancelled in 1987.

Nitrogen compounds

By-products of power generation, industrial, and motor vehicle fossil fuel combustion processes (NO ,
and NH.). Also, compounds used in fertilizers and released from agricultural animal manures (NH, ).

@ Source: See the First Report to Congress for references for this table (U.S. EPA 1994a).

® Applicable restrictions (including bans) on use or manufacture in United States also are described.

°POM is a large class of chemicals consisting of organic compounds having multiple benzene rings and a boiling point greater than
100° C. Polycyclic aromatic hydrocarbons (PAHSs) are a chemical class that is a subset of POM.
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¢ These pollutants overlap substantially with the toxic air pollutants that ranked highest in an
EPA-sponsored study (ICF 1991) to identify priority chemicals having characteristics that
lead to potential adverse effects in the Great Waters.

¢ With the exception of dieldrin and nitrogen compounds, all of these pollutants are listed as
HAPs under section 112(b) of the CAA.’

L4 With the exception of 2,3,7,8-TCDF and nitrogen compounds, these pollutants are included
on the list of pollutants that were the initial focus of the EPA/state Great Lakes Water
Quality Initiative.* They are considered to be potentially significant as air pollutants
deposited to the Great Lakes.

] Ten of the 15 pollutants are designated as bioaccumulative chemicals of concern under
EPA's Great Lakes Water Quality Guidance.”

L4 Six of the 15 pollutants (cadmium, chlordane, lead, mercury, PCBs, and several PAHs (which
are part of the POM class of compounds)) are on the Chesapeake Bay Toxics of Concern
List, and two more pollutants, dieldrin and toxaphene, are listed as potential future additions
to this list.

¢ Nitrogen compounds play an important role in excessive nutrient enrichment in many
estuaries and coastal waters, and numerous studies indicate that atmospheric loadings of
nitrogen to the Chesapeake Bay and other coastal waters are a significant portion of total
nitrogen loadings. In most freshwaters, nitrogen compounds play a less immediate role in
promoting excessive enrichment. For example, airborne nitrogen compounds are not of
concern currently in the Great Lakes.

L4 The pollutant list overlaps substantially with several sets of Great Lakes chemicals of concern
selected by other scientific and regulatory groups, including the Great Lakes Water Quality
Board (GLWQB) of the International Joint Commission (IJC), a cooperative committee
comprised of U.S. and Canadian representatives.

? Several pollutants of concern are listed by a different name in section 112(b). The pollutants of concern are listed in section
112(b) as: cadmium compounds, chlordane, DDE, hexachlorobenzene, lindane (all isomers, which includes a-HCH), lead
compounds, mercury compounds, PCBs, POM, 2,3,7,8-TCDD, dibenzofurans, and toxaphene. In addition, hexachlorobutadiene and
methoxychlor are listed in section 112(b).

* Established in 1989 to a provide consistent level of environmental protection for the Great Lakes ecosystem, this Initiative
supported principles and goals of the 1986 Great Lakes Toxic Substances Control Agreement (Governors' Agreement).

* The Final Water Quality Guidance for the Great Lakes System was released in 1995 (60 Federal Register 15366) and resulted in the
deletion of six chemicals (including aldrin, endrin, methoxychlor) from the proposed 1993 list of bioaccumulative chemicals of
concern. The final guidance also eliminated the list of 10 pollutants considered potential bioaccumulative chemicals of concern.
Although furans (2,3,7,8-TCDF) are not specified in the 1995 guidance, criteria for furans may eventually be set.

¢ Atrazine is also found on the Chesapeake Bay Toxics of Concern List.

-10-
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Use of Pollutant Groups

In some sections of this report, discussion of the Great Waters pollutants of concern is
organized by pollutant group. The five pollutant groups used in this report are described below.
Many of the pollutants may fit into more than one group, but have been placed in the most
appropriate category.

EPA has organized the pollutants of concern in these five groups for several reasons. First,
the pollutants in each group generally originate from similar sources or are released through similar
mechanisms. Thus, action proposed to reduce emissions of individual pollutants may be applied
more broadly to the entire group. Second, pollutants in each group may have similar chemical
characteristics, allowing for generalizations related to deposition and cycling within the environment.
Third, separating the pollutants into various groups allows for pollutants with unique regulatory
concerns, such as mercury and nitrogen, to be highlighted and emphasized in the Report to
Congtress. Finally, grouping the pollutants helps decision-makers develop conclusions about
pollutants with similar chemical/physical behavior or sources, where there are limited data.

¢ Mercury and mercury compounds. Mercury is released as an air pollutant from a variety
of natural and anthropogenic area and point sources (including combustion and
manufacturing sources). Although mercury is a metal, it is treated in this report as a separate
pollutant group because it behaves differently in the environment than other metals and
produces different types of effects, as well as because of the comprehensive data that are
available for it. Mercury can be found in elemental, inorganic, or organic forms in the
environment. In aquatic species, mercury exists primarily as organic mercury (e.g.,
methylmercury), which can bioaccumulate in tissues and biomagnify in the food web. In
addition, special emphasis is given to mercury emissions in the CAA. Several subsections of
section 112 require studies to be conducted on mercury as a toxic air pollutant; a review draft
of an EPA report related to atmospheric emissions of mercury was submitted to the Science
Advisory Board (SAB) in 1996. When submitted to Congress, the final Mercury Study
Report will fulfill the mandate under CAA section 112(n)(1)(B) that the study consider:

. The rate and mass of mercury emissions;
. The health and environmental effects of such emissions;
o Technologies that are available to control such emissions; and
o The cost of these control technologies.
¢ Other metals. Cadmium compounds and lead compounds comprise this group. These

metal compounds are released from various combustion and production processes. Note,
however, that a significant source of lead was reduced following the phaseout of lead in
gasoline additives that began in the early 1970s.

L4 Combustion emissions. The pollutants in this group include PCBs, POM, 2,3,7,8-TCDD,
and 2,3,7,8-TCDF. (See the sidebar on the next page for a discussion of TCDD and TCDF.)
These pollutants generally are released duting incomplete combustion of fossil fuels and/or
combustion during manufacturing or incineration processes. PCBs, though historically used
in electrical equipment and hydraulic fluids, are included in this group because they may be
released to the atmosphere in combustion gases when PCB-containing materials are burned.

-11-
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Pesticides. This group includes
chlordane, DDT/DDE, dieldrin,
hexachlorobenzene, a-HCH,
lindane, and toxaphene. Although
the use of these pesticides is
significantly limited in the United
States, they continue to be of
concern in the Great Waters
because of their persistence in the
environment and the long-range
transport from other countries in
which the pesticides are still used.
Atrazine, hexachlorobutadiene, and
methoxychlor are potential future
additions to this group.

Nitrogen compounds. This
group includes nitrogen oxides,
reduced nitrogen compounds (such
as ammonia and ammonium), and
organic nitrogen. These pollutants
are released through both natural
and anthropogenic pathways.

Dioxins and Furans

Section 112(b) of the CAA includes in its list of
HAPs "2,3,7,8-tetrachlorodibenzo-p-dioxin" and
"dibenzofuran." These two substances are part of a
much larger class of compounds, as discussed below.

Dibenzo-p-dioxin and dibenzofuran molecules
both carry single hydrogen atoms bonded to carbon
atoms at the outside corners. When chlorine atoms
are substituted for any (or all) of these hydrogens, the
compounds become chlorinated dibenzo-p-dioxins and
chlorinated dibenzofurans (CDDs and CDFs). The
presence of chlorine may increase the toxicity of the
compound by many orders of magnitude, depending
on their number and location. There are 75 possible
CDD compounds and 135 possible CDF compounds.
Each of these individual CDD and CDF forms is called
a "congener." Itis these CDD and CDF congeners that
are commonly referred to as "dioxins" and "furans."
The terms "dioxins" or "TCDD" and "furans" or "TCDF"
are used in this report to refer to all CDD and CDF
congeners, respectively.

Although nitrogen oxides are fossil fuel combustion by-products, nitrogen compounds are
treated as a separate pollutant group because: (1) other measures are being taken to control
nitrogen through programs related to ground-level ozone and acid precipitation; (2) nitrogen,
unlike the other selected pollutants of concern, is an essential nutrient and is not listed as a
HAP under CAA section 112(b); and (3) when present in excessive amounts, nitrogen (in
oxides and other compounds that are plant nutrients) is the nutrient driving the accelerated
eutrophication of most estuarine and coastal waters, resulting in significant adverse
ecosystem effects. Unlike the other pollutants, nitrogen is a required nutrient that supports
the ecosystem and becomes a pollutant when it reaches levels that result in overfertilization

with deterioration of water quality.

Relationship of Pollutants of Concern to Section 112 and Other

CAA Requirements

Table I-2 presents the section 112 requirements that may regulate emissions of each pollutant

of concern. As shown, emissions of mercury are covered most comprehensively by section 112
requirements, followed by emissions of lead compounds, POM, TCDD, and TCDF. (Emissions of
lead compounds also are regulated under the CAA Title I criteria air pollutant program.) Emissions of
hexachlorobenzene and PCBs may be regulated under the maximum achievable control technology
(MACT) standards required by sections 112(d), (), and (j), and under 112(c)(6). Emissions of cadmium
compounds are covered under the MACT standards and, for electric utility steam generating units,
under 112(n)(1)(A). For several pesticides, the development of MACT standards is the main section
112 requirement that may control emissions of these pollutants, to the extent that major sources of air
emissions still exist in the United States. Section 112(f), which is not included in the table, is intended
to address the public health risks and adverse environmental effects from HAP
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TABLE I-2
Great Waters Pollutants of Concern and CAA Section 112

Applicable CAA Section 112 Activities ?

Polluant 112(h) 112)6) | 112 @.0).() | 12m@@ [ 1120)@)@) [112()@)(c)
Cadmium and compounds [ [ [ ]
Chlordane [ ] o
DDT/DDE [ [ ]
Dieldrin
Hexachlorobenzene L [ ®
a-HCH [ [
Lead and compounds® [ [ [ [
Lindane e o
Mercury and compounds [ [ [ [ [ ] [
PCBs [ [ ] [ ]
Polycyclic organic matter (POM) [ ) [ [ [ ]
TCDD (dioxins) [ [ [ [
TCDF (furans) [ [ [ [
Toxaphene [ [
Nitrogen compounds*®

4112(b) = HAP list; the pollutants of concern are regulated under section 112 only by their name as listed in section 112(b) (cadmium compounds,
chlordane, DDE, hexachlorobenzene, lindane (all isomers, which includes a-HCH), lead compounds, mercury compounds, PCBs, POM, 2,3,7,8-
TCDD, dibenzofurans, and toxaphene).

112(c)(6) = Sources accounting for 90 percent of these emissions to be subject to regulation

112(d),(g),(h),(j) = Emissions of HAPs from major sources subject to regulation by MACT standards

112(n)(1)(A) = Emissions of these six HAPs from electric utility steam generating units to be evaluated for regulation

112(n)(1)(B) = Emissions of mercury from electric utilities, municipal waste combustors, and other sources to be studied

112(n)(1)(C) = Report required on "threshold" level for human health effects from mercury

Does not include section 112(f), which is intended to address the public health risks and adverse environmental effects from HAP emissions remaining
after implementation of 112(d) standards.

b Lead compounds also regulated under the criteria air pollutant program.

¢ Nitrogen oxides (NO,) regulated under several other CAA programs, such as those that control criteria air pollutants, mobile source emissions, and
acid rain.
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emissions remaining after implementation of section 112(d) MACT standards; these standards could apply to
any HAP for which it is determined that "residual risk" remains. Emissions of dieldrin and nitrogen
compounds are not currently addressed by the section 112 requirements listed in Table I-2. Emissions of
certain nitrogen compounds, however, are regulated under several CAA programs other than section 112,
including the Title I criteria air pollutant program, the Title II mobile sources program, and the Title IV acid
deposition program.

Other sections of the CAA may also regulate emissions of the pollutants of concern. For example,
under section 129 of the CAA, which applies to municipal waste combustors, EPA is to develop numerical
emission limitations for several pollutants, including the following Great Waters pollutants of concern:
cadmium, dioxins, furans, lead, mercury, and nitrogen compounds (nitrogen oxides).
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CHAPTER 1I
EXPOSURE AND EFFECTS

Section 112(m) of the CAA requires EPA to assess the environmental and human health
effects attributable to atmospheric deposition to the Great Waters and to assess whether
atmospheric pollutant loadings to the Great Waters cause or contribute to exceedances of
drinking water or water quality standards.

Adverse effects on environmental and human health and exceedances of drinking water
or water quality standards that result from the pollutants of concern are pieces of a larger puzzle
of what happens to the pollutants of concern after they are deposited to the Great Waters. After
being deposited to water, the pollutants can bind to particles, concentrate at the water surface,
dissolve in the water, and/or (if sufficiently volatile) escape as gases back into the air. Ecosystems
and humans may be exposed to these pollutants through various exposure routes (e.g., food
consumption). Exceedances of water quality criteria or standards are one means of assessing the
levels of the pollutants in water and biota to which ecosystems and humans may be exposed.
Following exposure to the pollutants of concern, ecosystems and humans may experience
adverse health effects.

At this time, it is not possible to distinguish between effects caused by airborne pollutants
and the same pollutants delivered by waterborne or other routes. In the absence of data to the
contrary, EPA takes the position that the contribution of airborne pollutants to adverse effects
corresponds to the relative air contribution by various routes to pollutant loads, including
releases of historic loadings from sediments.

This chapter is divided into five sections that discuss:

. Exposure routes and extent of contamination in the Great Waters (Section IL.A);
. Level of contamination in biota of the Great Waters (Section II.B);
. Potential ecological effects that may result from exposure to the pollutants of

concern (Section I1.C);

. Potential human health effects that may result from exposure to the pollutants of
concern (Section II.D); and

. Other potential effects, such as recreational fishing losses, attributable to the
pollutants of concern (Section IL.E).

Sections IL.A, II.C, and II.D update information that was presented in the First Report to
Congress (U.S. EPA 1994a). These sections begin with a brief summary of the information
presented in the First Report to Congress to provide a foundation for the subsequent discussion
of the recent information available for this report.
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II.LA Exposure Routes and Extent of Contamination

This section presents information on the exposure routes of concern for humans and
ecosystems and the extent of contamination in the Great Waters. The measures used in this
report to assess pollutant exposure and the extent of contamination are exceedances of water
quality criteria and the issuance of fishing restrictions and fish consumption advisories. Levels of
contamination in biota are discussed separately in Section II.B.

As noted earlier, the relationship between exposure and resulting adverse effects of toxic
pollutants and atmospheric deposition is not well understood. As described in the First Report,
some correlations and linkages have been established between specific pollutants of concern and
exposure and effects in the Great Waters. Many pollutants that are a concern due to atmospheric
deposition also have a long history of direct surface water discharges to the Great Waters. In
addition, current pollutant levels in waterbodies may include the contribution of pollutants that
enter through groundwater, that are recycled from sediments, or that are resuspended, following
earlier deposition, and redeposited at other locations. There currently is no evidence available to
suggest that the pollutants deposited from the air will have effects on biota any different from
the effects of these same pollutants carried in water or found in sediment.

Conclusions from the First Report to Congress

As mentioned above, information from the First Report to Congress is presented here to
provide a foundation for the subsequent discussion of the recent information available for the
Second Report. The research findings and studies presented in the First Report, as well as the
background document on exposure and effects (Swain et al. 1992a), led to the following
conclusions concerning exposure routes and extent of contamination in the Great Waters:

L4 For water pollutants that are derived from atmospheric deposition, the major routes of
exposure are fairly well understood. The main exposure routes of concern for animals
are intake of food, intake of drinking water, and direct contact with water. Exposure
routes for plants include water uptake and direct contact. For humans and fish-eating
birds and mammals, intake of food (e.g., contaminated fish) is the main exposure
route of concern for pollutants that are persistent in the environment and that tend to
bioaccumulate.

L4 The pollutants of concern generally are persistent in the environment and tend to
accumulate in fat or muscle tissue and, as a result of food web interactions, reach the
highest concentrations in animals at the top of the food web, including humans.
These characteristics allow the pollutants to remain in the environment and animal
tissue for long periods of time, increasing the opportunity for exposure and resulting
in greater exposures to animals at the top of the food web.

L4 The tendency of the pollutants of concern to bioconcentrate and biomagnify was
supported by numerous studies summarized in the First Report. (See sidebar on next
page for definition of terms. Note that these terms may be used with somewhat
different emphasis by different authors. This summary is based on common usages
from many articles reviewed for this report.) Evidence presented by these studies
included: (1) documented cases of elevated levels of persistent toxic pollutants in
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various fish species compared to levels in

water and, in many cases, levels in sediment; Distinguishing Common Terms
(2) data showing that predators (e.g., the Describing Bioaccumulation

herring gull, bald eagle, and turtle) in the
Great Lakes region have had some of the

Bioaccumulation is the uptake and retention
of a chemical by a living organism as a result of

highest reported concentrations of persistent intake of food, intake of drinking water, direct
toxic chemicals in their tissues; and (3) data contact, or inhalation.

indicating that people who regularly
consumed fish from Lake Michigan in the

Bioconcentration is the phenomenon by
which chemicals become more concentrated in an

1970s had significantly higher concentrations organism than in its surrounding environment.

of PCBs and pesticides, such as DDT, in their

tissues compared with those who did not Biomagnification is the phenomenon by

consume fish.

L4

which chemicals become more concentrated in

animals at higher levels in the food web.

Based on the most current

information available for the First

Report to Congress, portions of all of the Great Lakes and many associated waterbodies,
Chesapeake Bay, and Lake Champlain had some kind of advisory on fish consumption at
that time.

Understanding of the contribution of atmospheric deposition to overall exposure was
limited for the First Report to Congress because: (1) overall exposure to toxic water
pollutants had not been adequately quantified; (2) sufficient and accurate information on
all pollutant inputs and outputs was not available at that time; and (3) the difficulty in
distinguishing the origin of a pollutant (e.g., originated from the air) after it is in the
water made it difficult to link exposure, and resultant effects, to particular pathways (e.g.,
atmospheric deposition).

Although the exposure routes of concern have been identified, the concentrations of
pollutants in water to which humans, animals, and plants are exposed (i.e., the extent of
contamination) were not easily determined given available data at that time.

Few violations of existing drinking water standards (i.e., maximum contaminant levels or
MCLs) for the pollutants of concern were found in Great Lakes drinking water systems;
for the pollutants that exceeded their MCLs, much of the problem was thought to be
caused by the distribution system rather than the water source.

When maximum open water concentrations from Great Lakes sampling data taken
between 1980-1986 were compared to water quality criteria, six pollutants of concern
(cadmium, dieldrin, DDT/DDE, hexachlorobenzene, mercury, and PCBs) potentially
exceeded at least one criterion in at least one of the Great Lakes (see Appendix B of the
First Report to Congress). Maximum concentrations of most of the remaining Great
Waters pollutants in most of the lakes approached levels of concern. An updated
comparison of sampling data to water quality criteria is presented later in this section.

In Lake Champlain, limited sampling data indicated that lead was the only pollutant

of concern that exceeded applicable water quality criteria. In Chesapeake Bay, a
limited number of measured concentrations of cadmium and lead in the tidal
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tributaries to the Chesapeake Bay exceeded EPA water quality criteria and state water
quality standards prior to 1993.

The remainder of this section presents updated information on exposure routes and
extent of contamination.

Current Understanding of Exposure Routes and Extent of Contamination

As indicated above and in the First Report to Congress, the exposure routes of concern for
humans and ecosystems are fairly well understood. Exposures can occur through intake of
drinking water, direct contact with water, and, especially important for humans and fish-eating
birds and mammals, intake of food. This section presents updated information on measures for
assessing the extent of contamination in the Great Waters.

COMPARISON TO WATER QUALITY CRITERIA

One means of assessing the extent of contamination in the Great Waters caused by the
pollutants of concern is to compare available water sampling data to drinking water standards
and other water quality criteria. Such comparisons are consistent with the requirement in
section 112(m) of the 1990 CAA Amendments for EPA to assess the contribution of atmospheric
deposition to exceedances of drinking water standards and other water quality standards and
criteria.

For national drinking water standards, few exceedances are known for the Great Waters
pollutants of concern based on current information in the Great Lakes. Since the First Report to
Congress, there continue to be few violations of existing maximum contaminant levels (MCLs) in
Great Lakes drinking water systems. Interpretation of this information is limited because the
exceedance of the MCL for a pollutant may be a result of a problem in the distribution system,
rather than the water source.

For other water quality criteria and standards, three sets of relevant water quality criteria
are compared with available Great Waters sampling data: EPA's national ambient water quality
criteria (AWQC); the U.S.-Canadian Great Lakes water quality objectives (GLWQOs); and Great
Lakes water quality criteria (GLWQC) developed by EPA and Great Lakes states. The first two
sets of criteria are the same as those used in the First Report, while the third set, GLWQC, was
released in 1995. Proposed GLWQC (pGLWQC) were used in the First Report, but these criteria
have since been finalized (U.S. EPA 1995a); see Chapter IV for more discussion on the
development of GLWQC. The three sets of criteria are briefly defined in Table II-1.

Water sampling data are compared with water quality criteria, rather than comparing
sediment contamination data or biological contamination data to appropriate standards, for
two main reasons: (1) the specific requirement in section 112(m) to report exceedances of
water quality standards and benchmarks, and (2) the limited availability of federal or other
widely accepted numerical benchmarks for sediments or living organisms for the selected
pollutants of concern. Because many of the pollutants of concern bioconcentrate and
biomagnify, water concentrations may understate the full potential for fish and wildlife to
contain high concentration levels; only the GLWQC account for the potential for
biomagnification. Therefore, the absence of water quality criteria exceedances for pollutants
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that have a strong tendency to bind to sediments and to bioaccumulate does not necessarily
indicate the absence of contamination levels of potential human health or ecological concern.
Contamination levels in biota and sediments in the Great Waters are discussed in Section II.B.

Table II-2 compares recent estimates of total water column concentrations in the Great
Lakes for seven pollutants of concern for which sampling data exist (i.e., DDT/DDE, dieldrin,
hexachlorobenzene (HCB), a-HCH, lindane, PCBs, and POM). The data are taken from studies
conducted between 1986 and 1991 by EPA, researchers funded by EPA, and Environment
Canada. Sampling data for the other pollutants of concern and for other Great Waters were not
readily available.

TABLE II-1
Summary of Water Quality Criteria Used for Comparison in This Report

Criteria Set * Summary

Ambient water quality Designed to protect humans, and freshwater and saltwater animals and
criteria (AWQC) plants from harmful effects resulting from chronic and acute exposures.
Reflect current knowledge on health and welfare effects, dispersal of
pollutants across media, and effects on animal and plant reproduction and
communities. Derived entirely with risk-based data (not cost or technology
considerations). National criteria provided by EPA as guidelines to states
for developing regulations.

Great Lakes water Developed through joint U.S.-Canadian agreement. Set for certain
quality objectives chemicals to protect the most sensitive user of the water among humans,
(GLWQOs) aquatic life, and wildlife. For chemicals with no specific GLWQO,

concentrations in water (does not specify whether ambient water) and in
aquatic organisms should be lower than detection levels.

Great Lakes water Developed by EPA and Great Lakes States. Specific to the Great Lakes
quality criteria system. Form basis for new state water quality standards for ambient
(GLWQC) waters of the Great Lakes system. Provided as guidelines to protect

aquatic life (for both acute and chronic exposure), wildlife (for exposure
through food webs), and humans (for chronic exposure through
consumption of both fish and drinking water and through water-related
recreation). Includes consideration of biomagnification.

@ Sources: U.S. EPA 1986, IJC 1978, and U.S. EPA 1995a, respectively.

As shown in Table II-2, total water column concentrations of dieldrin and PCBs exceed
their GLWQC at some locations in all of the Great Lakes, where data are available. Note that
DDT/DDE may also exceed its GLWQC (sampling data of <0.00006 ug/L versus GLWQC of
0.000011 ng/L), and that the criterion for POM is for polycyclic aromatic hydrocarbons (PAHs), a
subset of POM, while sampling data were available only for one POM compound (i.e.,
benzo(a)pyrene, or B(a)P). In addition, the concentrations of PCBs at some locations in Lakes
Erie, Huron, and Ontario are above the AWQC for human health. For the pollutants with
sampling data reported in both the First Report to Congress and this report (i.e., dieldrin,
DDT/DDE, HCB, and PCBs), the total water column concentrations presented in Table II-2 are
generally lower than the concentrations reported in the First Report to Congress and the levels
for DDT/DDE and HCB no longer exceed any of the water quality criteria.
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TABLE II-2
Comparison of Water Quality Criteria to Pollutant Concentrations in the Great Lakes (ug/L)

National National Great Lakes Great Lakes Total Water Column Concentration €
AWQC: Fresh AWQC: Water Quality Water
Water Human Agreement Quality Lake Lake Lake Lake
Pollutant Aquatic Life 2 Health ° Objective  © Criterion ¢ Superior Michigan Huron Lake Ontario
Erie
DDT/DDE' 0.001 0.00024 0.003 0.000011 <0.00006 NA <0.00006 <0.00006 <0.00006
Dieldrin 0.0019 0.00071 0.001°¢ 0.0000065 0.00026 0.00032- 0.00038 0.00028-
0.00035 0.00032
HCB — 0.0072 — 0.00045 <0.00004 NA 0.000036
0.000072 0.000047
a-HCH — 0.092 — — 0.0011 0.0016 0.0015 0.0011 0.0008-
0.0009
Lindane 0.08 0.186 0.01 0.47 0.0004 0.00034 0.00038 0.00049 0.00036
Total PCBs 0.014 0.00079 — 0.0000039 0.00018 0.00020- 0.0007- 0.00122 0.0012
0.00036 0.0009
POM" — 0.028 — — | <0.00046 | NA <0.00046 | <0.00046 | <0.00046

NA=No data available.
Highlighted boxes indicate exceedances of GLWQC; shaded boxes indicate exceedances of AWQC for human health.

& Values are for freshwater chronic criteria (U.S. EPA 1986).
® Values are for human chronic exposure through both fish consumption and drinking water (U.S. EPA 1986).
¢ Values are for protection of the most sensitive user of the water among humans, aquatic life and wildlife (1JC 1978).

4 Values are the most stringent (i.e., lowest) among those for protection of human health, aquatic life, or wildlife (U.S. EPA 1995a).
¢ Concentrations are taken from De Vault et al. (1995) and L'ltalien (1993). Concentrations of dieldrin and PCBs that are reported as ranges represent two
different concentrations reported in two different studies. For a-HCH, the range of concentrations in Lake Ontario represents the range reported in a single

study.

" Sampling data are for p,p'-DDE.

9 Value for aldrin and dieldrin combined.
" AWQC for human health is for polycyclic aromatic hydrocarbons (PAHSs), a subset of POM; sampling data are for benzo(a)pyrene, a PAH.
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Meaningful trend data on pollutant concentrations in the Great Lakes are limited mainly
because the technology required to measure pollutants at the trace concentrations found in the
water column of the Great Lakes has become widely available only in the last few years (De
Vault et al. 1995). One recent study, however, has provided insight into water column trends for
PCBs in Lake Superior (Jeremiason et al. 1994). As shown in Table II-3, total PCB concentrations
in the Lake Superior water column show an overall decline from 1978 to 1992, though there is
some variation from year to year. In addition, based on the concentrations of the same 25 PCB
congeners measured in surface water samples collected between 1980 and 1992 by the same
laboratory (also shown in Table II-3), the concentrations of these PCB congeners has decreased at
a rate of approximately -0.00020 ug/L per year. (For details on the collection methods and labora-
tory techniques used in this study, refer to Jeremiason et al. (1994).) The researchers believe that,
due to the remote location of Lake Superior and the absence of significant point source loadings,
the decline in PCB concentrations represents a continental decrease in atmospheric loading of
PCBs. (Other research suggests that cycling of PCBs in the environment, including volatilization
of gaseous PCBs from waterbodies, is an important consideration (see Chapter IV).) According to
the data, the concentrations of PCBs in Lake Superior were above the AWQC for human health
until approximately 1983 and still remain above the GLWQC (criteria shown in Table II-2).

TABLE 11-3
Concentration of Total PCBs in Lake Superior Water Column
Total PCB Total Concentration of 25
Year | Concentration (ug/L) PCB Congeners (ug/L)
1978 0.00173 + 0.00065 NA
1979 0.00404 + 0.00056 NA
1980 0.00113 + 0.00011 0.00099 + 0.00010
1983 0.0008 + 0.00007 0.00073 = 0.00006
1986 0.00056 + 0.00016 0.00055 + 0.00015
1988 0.00033 + 0.00004 0.00020 + 0.00001
1990 0.00032 + 0.00003 0.00021 + 0.00001
1992 0.00018 + 0.00002 0.00009 + 0.00001

NA = Not applicable
Source: Jeremiason et al. 1994.

FISHING RESTRICTIONS AND FISH CONSUMPTION ADVISORIES

Another measure of contamination of the Great Waters caused by selected pollutants
of concern is the existence of fishing restrictions or fish consumption advisories. These
advisories are established as a means of limiting human exposure when fish taken from a
particular body of water are found to contain levels of pollutants that exceed recommended
intake levels (see sidebar on next page). Such advisories have immediate significance to the
general public by providing concrete examples of health concerns and affecting the public
use of waters and aquatic resources. States issue several different types of advisories for
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waterbodies in an effort to reduce health risks
associated with exposure to pollutants in
certain freshwater fish and shellfish species:

. Informational health advisories:
advisories that fish tissue
contains contaminants but not
at levels high enough to
warrant advising people to
limit consumption.

. Advisories to limit fish
consumption: advisories to
either the general population
or subopulations potentially at
greater risk (e.g., pregnant or
nursing women, those who
fish for subsistence reasons) to
restrict the size and frequency
of meals of fish and shellfish;

. Advisories against fish consump-
tion: advisories to either the
general population or subpop-
ulations potentially at greater

Interpreting Fish Advisory Data

Individual states are responsible for issuing
fish advisories. Generally, an advisory is issued
for a particular waterbody (or portion of
waterbody), pollutant, fish species, and advisory
type. In many advisories, the size of the fish
affects the type of advisory issued (e.qg., for
walleye < 22", restricting meals in the general
population may be advised, while for walleye > 22"
not consuming the fish may be advised). For
several reasons, comparing advisories
quantitatively (e.g., counting the number of
advisories per waterbody) is difficult and therefore,
this Report does not do so. For example, a
waterbody may appear to have more fish
advisories than another waterbody, but it may be
that: (1) more states are involved (e.g., advisories
in Lake Ontario are issued only by New York, while
four states issue advisories for Lake Michigan; (2)
states have different methods or use different
standards for identifying fish species affected by
advisories, some of which may be more
comprehensive than others; or (3) a state may
issue an advisory for "all fish" making it difficult to
count this advisory with advisories for particular
fish species.

risk (e.g., pregnant or nursing women) against consuming fish and shellfish;

. No-kill zones: notification that it is illegal to take, kill, or possess any fish from the

specified waters; and

. Commercial fishing bans: bans on the commercial harvest and sale of fish and
shellfish from the specified waterbody.

State advisory data are collected by EPA in a national data base. For each advisory, the
data base contains information such as waterbody name, pollutant name, fish species, population
targeted by advisory (called advisory type in this report), advisory status (e.g., active), and a
contact name and telephone number. The data base does not, however, contain information on
the levels of pollutants in fish or the benchmark levels set by a particular state for each advisory
type. The information in the data base available for use in this report was current through 1995
(U.S. EPA 1996b). For this report, EPA reviewed the data base for any of the above advisories
related to the Great Waters pollutants of concern in the Great Lakes, Lake Champlain,

Chesapeake Bay, and several coastal waters.”

According to the fish advisory data base, no informational health advisories were in
effect in any of the Great Waters. A portion of the Hudson River, which empties into the
New York/New Jersey Harbor, had an active no-kill zone for all fish related to PCBs. Table II-4

7 A more detailed description of the criteria EPA used to obtain information related to the Great Waters from the

fish advisory data base is provided in Appendix B.
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lists the commercial fishing bans that were in effect in the Great Waters. As the table shows, the
commercial fishing bans in the Great Waters are all due to PCBs or dioxins.

TABLE II-4
Commercial Fishing Bans in the Great Waters
Waterbody Great Waters
(State Issuing Advisory) Pollutant of Concern  Figh Species
Lake Champlain (NY) PCBs Yellow perch
Lake Ontario (NY) Dioxins, PCBs Eel
Long Island Sound (NY) PCBs Striped bass
New York/New Jersey Harbor PCBs American eel, blue crab, carp, goldfish,
(various waters; NJ, NY) striped bass
Dioxins Blue crab, crustaceans, fish, shellfish,
striped bass

Source: U.S. EPA 1996b.

There are many active advisories to limit or avoid fish consumption in the Great Waters.
Table II-5 (the Great Lakes and Lake Champlain) and Table II-6 (selected coastal waters,
including Chesapeake Bay) indicate the type of advisories in effect for the Great Waters
pollutants of concern, in increasing order of severity of the advisory (i.e., from advisories to at-
risk subpopulations to restrict fish consumption up to advisories to the general population to not
eat certain fish). For the Great Lakes and Lake Champlain, only lakewide advisories are included
in Table II-5. Advisories for particular "hot spots" in these lakes (e.g., Green Bay), as well as the
lakewide advisories, are presented in Appendix B. In Table II-6, the advisories for coastal waters
represent the advisories as they are identified in the data base. Therefore, advisories for some
coastal waters represent the entire waterbody (e.g., Tampa Bay), while others represent smaller
estuaries or portions of the waterbody (e.g., Baltimore Harbor). Appendix B provides details on
the waterbodies that represent the coastal water advisories. The fish consumption advisories
shown in the tables have been issued for at least one fish species and, in many cases, have been
issued for several fish species. For more detail on the fish species affected by the advisories and
the states that issued the advisories, refer to Appendix B.

As shown in Table II-5, fish consumption advisories in the lakes of the Great Waters are
most commonly associated with PCBs, followed by mercury, dioxins, and chlordane. For one
lake, Lake Superior, an advisory related to toxaphene also has been issued. In the selected
coastal waters, as shown in Table II-6, fish consumption advisories are most commonly
associated with PCBs, followed by dioxins. Several advisories related to mercury, chlordane, and
DDT also have been issued. Current fish advisories generally are associated with the same
pollutants of concern as in the First Report. Furthermore, in this report, fish advisory data are
available in more detail than were reported in the First Report (e.g., advisories by each state),
especially because of the recent availability of the fish advisory data base. In addition, some
states may have become more aggressive in their fish advisory programs. Therefore, the increase
in number of advisories presented in Appendix B does not necessarily reflect a higher level of
contamination in the Great Waters.
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Fish Consumption Advisories in the Great Lakes and Lake Champlain

TABLE II-5

Great Lakes
Pollutants Lake
of Concern Lake Lake Connecting Champlain
Superior Michigan Lake Huron Lake Erie Llake Ontario Channels

Chlordane || ® [ = ® [ u |

Dioxins e O Hm ® O ® O

Mercury O @€ O m[O @ o @ L

PCBs ® [ H e O H e O H o u o O e [ o

Toxaphene | |

TABLE 11-6
Fish Consumption Advisories in Selected Coastal Waters
Other Coastal Waters
Pollutants [Chesapeake
of Concern Bay Long Island New York/New Galveston San Francisco
Sound Jersey Harbor Delaware Bay | Tampa Bay Bay Bay

Chlordane e [ ] L L
Dioxins O e O n o O O e O n
DDT O @€ O =n
Mercury O e O n
PCRs [ ) ® 1 BN ® 1 B (O @ || o O @ 1 W |
KEY: O Advisories to subpopulations potentially at greater risk (e.g., pregnant women) to restrict the size and frequency of meals of fish and shellfish

mCe

Source: U.S. EPA 1996b.
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II.B Contamination of Biota

Measurements of pollutant levels in biota provide information about the extent of
contamination in the waterbody, as well as potential bioaccumulation in the food web. Section
112(m)(1)(E) of the CAA requires EPA to sample biota, including fish and wildlife, in the Great
Waters for hazardous air pollutants and to identify the sources of these pollutants. Because
studies are already being performed under national programs such as the National Status and
Trends Program, Great Lakes National Program Office, Chesapeake Bay Program, as well as state
programs, EPA relies largely on these studies to support implementation of this CAA
requirement. These programs provide information on the extent of contamination in the
waterbodies, as reflected in tissues of living organisms. Contamination of biota also suggests
potential contribution from various exposure routes such as air and water, as well as
bioaccumulation in the food web. This section presents a brief overview of biota sampling
approaches and how the sampling data provide useful information for assessing the extent of
pollutant contamination in a waterbody. This overview includes a summary of two large-scale
studies that are designed to assess national pollutant levels in aquatic biota, and how the results
from these studies can apply to the Great Waters. This discussion is followed by a summary of
research efforts addressing biota contamination specific to the Great Waters.

Sampling Biota for Contamination

Different sampling approaches are

used to determine pollutant levels in biota An Example of Bioaccumulation

because each monitoring study has its own in the Food Web

objectives, such as to identify "hot spots" or

characterize a waterbody's general condition. Of the pathways by which ecosystems and
Therefore, caution must be taken in the components of ecosystems may be exposed to
. . . atmospheric mercury, exposure of high trophic
interpretation of data, as well as statistical level predatory wildlife to mercury in food is
analyses applied to these data. To estimate particularly important. Mercury biomagnifies in
spatial or temporal patterns of aquatic food chains, with the result that mercury

concentrations in tissue increase as trophic levels
increase. Therefore, the trophic level and feeding
habits of an animal influence the degree to which

contamination, sophisticated sampling
designs are often used. Figure II-1 illustrates

the importance of sampling various that species is exposed to mercury. Predatory
components of an aquatic ecosystem when animals primarily associated with aquatic food
attempting to characterize the condition of chains accumulate more mercury than those

associated with terrestrial food chains. Thus, fish

the system. eaters and their predators generally have the
highest exposure to mercury. Species with high
In assessing contamination in a tissue levels of mercury include otter and mink,
Waterbody’ aquatic and terrestrial Species which are top mammalian predators of aquatic

food chains. Top avian predators of aquatic-
based food chains include raptors such as the
osprey and bald eagle.

are often collected and analyzed. Game
fish are useful bioindicators because they
have long life spans, dominate the upper

end of the aquatic food web, and can Sources: Bloom 1992; Eisler 1987a; Roelke et al.
1997; Wobeser and Swift 1976; Wren 1985.

bioaccumulate many of the persistent
pollutants (see sidebar). Their population
levels may be affected by continued
exposure to environmental stresses, such as eutrophication and pollutant contamination, and
people become aware of changes in abundance of game fish. Reduced dissolved oxygen
concentrations in the water may affect growth, survival, or structural development of fish,
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FIGURE II-1

Assessing Contamination in a Waterbody

Terrestrial Wildlife

Gamefish
Forage Fish

E

Macroinvertebrates /g‘ Phytoplankton/
Zooplankton

Benthos

Contaminants in sediments
can be reintroduced into the
food web through uptake by
benthic organisms.
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Fish-eating birds and mammals
are especially at risk from
pollutants that biomagnify.

Gamefish dominate the
upper end of the aquatic
food web and bioaccumulate
persistent pollutants.

Sediment

Many pollutants settle to the
bottom and bind to sediments;
pollutant levels may be higher
than in surrounding water and
can be reintroduced through
resuspension by currents and
waves.
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while pollutant contamination may result in
decreased growth, reproduction, or survival of
fish (see Section II.C for information on
ecological effects). Contamination in fish can
enter the diet of humans and other animals
(see sidebar). Therefore, terrestrial wildlife,
such as fish-eating birds or mammals, are often
monitored. While all animals in the aquatic
environment have the potential to be affected
by pollutants, fish-eating birds and mammals
are especially at risk from pollutants that
biomagnify because they are frequently
exposed to high levels of these pollutants.

Contaminated sediments pose a
potential hazard to human health due to
biomagnification up the food web. Many
pollutants in the water settle to the bottom and
bind to sediments or remain in solution in the
water between the sediment particles.
Although some pollutants can be degraded by
bacteria, many persist in sediments for years,
even after the original source of contamination
has been removed (Howdeshell and Hites
1996). Therefore, pollutant levels in the
sediment may be higher than the
concentrations in the surrounding water
and/or biota, and should be interpreted
cautiously when extrapolating to potential
levels in biota. Pollutants in the contaminated
sediment can also be reintroduced into the
water column and can enter the food web
through benthic (bottom-dwelling) organisms
(e.g., clams, crustaceans, and worms), which
are prey to larger fish. Benthic community
structure, as well as pollutants in tissues of

EPA Guidance For Issuing
Fish and Wildlife Consumption Advisories

In response to a 1990 request from the states,
EPA established The Fish and Wildlife
Contamination Program to assist states and tribes
assess and reduce health risks associated with
exposure to chemical contaminants in
noncommercially harvested (e.g., subsistence) fish
and wildlife. In partnership with states and tribes,
EPA has developed a series of guidance
documents which provide a scientifically sound,
cost-effective method for developing, issuing,
managing, and communicating fish consumption
advisories. Though many states use the EPA
guidance for developing fish and wildlife
consumption advisories, some states use parts of
the guidance selectively. A few states still apply
outdates methods for characterizing contaminants.
EPA continues to work with the states and tribes to
establish a national consistency in the methods
used for characterizing the risks posed by
contaminants in noncommercial fish and wildlife.

The Fish and Wildlife Contamination Program
has also worked with the states and tribes in
organizing training workshops and national
conferences. In addition, EPA manages national
data bases such as the Listing of Fish and Wildlife
Consumption Advisories (discussed in Section
IILA). The listing, which is updated annually,
includes an inventory of all fish and wildlife
consumption advisories issued by the states and
tribes. Because of additional sampling due to the
increased attention given to fish contamination, the
number of advisories issued by the states and
tribes has increased 72 percent, from 1,278
advisories in 1993 to 2,193 advisories issued in
1996. Most of these advisories have been issued
due to mercury contamination.

benthic organisms, may serve as useful indicators of sediment contamination.

Wide-scale monitoring studies have been conducted on pollutant contamination of biota
to assess large-scale regional and national impacts in U.S. waters. These programs provide
valuable information about major pollutants (e.g., where they are found and where they
bioaccumulate) and the extent of contamination in the waterbodies, although the source of
contamination (or contribution of atmospheric deposition) is generally not evaluated.

Two large-scale programs that assess the contamination of biota in major U.S.
waterbodies or coastal areas are the NOAA National Status and Trends (NS&T) Program and
the EPA Environmental Monitoring and Assessment Program (EMAP). The NS&T Program
monitors trends of more than 70 chemical contaminants (organic compounds and trace
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metals) in bottom-feeding fish, shellfish, and sediments at almost 300 coastal and estuarine
locations throughout the United States. A well-known project of the NS&T is the Mussel Watch.
EMAP has carried out regional-scale studies, on both terrestrial and aquatic species. The data
collected for EMAP-Estuaries, to quantify conditions in coastal regions of the United States, are
useful to the Great Waters. Sampling and subsequent analyses in EMAP studies are generally
not directed at a specific waterbody, but encompass a larger geographic region, which may
include waterbodies of the Great Waters. These two projects provide information on assessing
the extent of pollutant contamination in U.S. waterbodies; however, the application of their
findings to individual waterbodies is limited since these projects were not designed to address

concerns specific to the Great Waters.
NS&T MUSSEL WATCH PROJECT

Initiated in 1986, this continuing
project is directed at tracking temporal trends
in concentrations of pollutants (e.g., PAHs,
PCBs, pesticides, metals) found in whole soft-
parts of mollusks at about 255 coastal and
estuarine sites on the Atlantic, Pacific, and Gulf
coasts (including Great Waters such as
Chesapeake Bay and Galveston Bay).

Since no single species of mollusk is
common to all waters, a number of species
have been sampled for this project, including
several common to the Great Waters — blue
mussels (Mytilus edulis) from the Northeast
and West Coasts, American oysters (Crassostrea

Systematic Sampling Approach

The Mussel Watch project is designed to
provide long-term and large-scale monitoring of
pollutant distribution, looking for temporal (not
spatial) trends. The sampling design is set up to
be representative of large areas rather than small-
scale patches of contamination. The objective is
to get a representative picture of the general or
"average" conditions of the U.S. coastal waters.
Therefore, a systematic sampling approach is
used. Also, it is useful for estimating statistically
the average concentration of pollutants when
general trends or patterns in concentration are
known from other sources of information.

virginica) from the Mid-Atlantic and Gulf coasts, and zebra mussels (Dreissena polymorpha) from
the Great Lakes. Mussels and oysters are useful for monitoring changes in the pollutant levels
because they remain at fixed sites, and concentrations in their tissues reflect, in general, changes
in the concentrations in the surrounding water. There are species differences, so data need
careful interpretation. Sampling for this project is performed during the same season each year
to reduce the influence of seasonal cycles on natural factors (e.g., salinity, reproductive state).
Sites that were selected support adequate populations of these mollusks such that sufficient
samples are available annually over many years (O'Connor 1992; O'Connor and Beliaeff 1995).

Table II-7 is a general representation of the pollutant trends in mollusks during the 1986-
1993 period at Great Waters sites based on analysis of data collected for the Mussel Watch Project
(O'Connor and Beliaeff 1995). All of the trends shown in Table II-7 are statistically significant
(confidence level of 90 percent and above); however, quantitative information regarding the
changes in pollutant levels was not provided by O'Connor and Beliaeff (1995). Consequently,
the magnitudes of the increases or decreases cannot be compared between sites (i.e., one cannot
determine which sites showed the most improvement). However, useful information regarding

general pollutant trends is presented.

As shown in Table II-7, most of the Great Waters sites did not exhibit a statistically
significant trend or change in pollutant levels in mollusk tissues during the eight-year period.
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Trends, when present, were mainly downward since 1986 (i.e., for cadmium, PCBs, DDT, PAHs,
chlordane, and dieldrin). According to the investigators, decreases in levels of these chemicals
are probably the result of bans on the use of chlorinated hydrocarbons and the reduced use of
certain pollutants (O'Connor and Beliaeff 1995).

The level of mercury in mollusks showed an increasing trend over the eight-year period
only in one Galveston Bay site (O'Connor and Beliaeff 1995). During the four-year period from
1986 to 1990, mercury concentrations increased at several other sites (O'Connor 1992); however,
mercury levels stabilized at these sites by 1993 so that no statistically significant trend was
apparent over the eight-year period (O'Connor and Beliaeff 1995). Lead levels in mollusks also
exhibited an increasing trend at one site in Galveston Bay and one site in Tampa Bay during the
eight-year period (O'Connor and Beliaeff 1995); however, no change in lead levels was evident at
these sites between 1986 and 1990 (O'Connor 1992). The investigators concluded that because
the high concentrations of mercury and lead were found, for the most part, in the vicinity of
population centers, they may be attributable to human activities (O'Connor and Beliaeff 1995).

The information presented in Table II-7 and discussed above focuses only on trends in
contaminant levels in mollusks based on the Mussel Watch Project data. For the pollutants that
show no significant trends over the eight-year period, it does not necessarily mean that no
changes are occurring with respect to contamination of biota at Great Waters sites. Other
analyses of the Mussel Watch Project data may indicate different patterns of pollutant
concentrations in mollusks. In addition, gamefish and fish-eating birds and mammals are much
higher in the food web than mussels and oysters, and therefore, may exhibit different patterns of
pollutant concentrations in their tissues.

TABLE II-7
Eight-Year Trends of Pollutant Concentrations in Mussel Watch Project (1986-1993)
Contaminant Trend (number of sites affected)?®
Waterbodies
(number of sites examined) Mercury Lead Cadmium PCB DDT PAH Chlordane Dieldrin
Chesapeake Bay «~(5) «~(5) L@ 1 (3) 1 (3) «~(5) L (4) 1 (3)
(5 sites) <4 (2 (2 (1) <(2)
Delaware Bay “>(4) “(4) 1 (1) 1 (2) “(4) (4) 1 (1) “(4)
(4 sites) «(3) (2) “(3)
Long Island Sound «~(9) 1 (1) L (4) L (5) 1 (2) L@ 1 (3) 1)
(9 sites) <(8) <(5) <4 <(7) ~(8) (6) ~(8)
Narragansett Bay “~(2) 1 (1) “(2) “~(2) “(2) “~(2) “~(2) “~(2)
(2 sites) (1)
Tampa Bay “(3) @ <3 L@ L) “(3) L) “(3)
(3 sites) “(2) <(2) “(2) <)
Galveston Bay 1(1) (1) «>(6) 1(2) 1 (1) «>(6) 1 (4) 1 (3)
(6 sites) ~(5) ~(5) ~>(4) «(5) “(2) “(3)

# Represents trends in annually measured concentrations of contaminants in mollusks over 8-year period; trend indicated by
arrow (i.e., | = decreasing trend; 1 = increasing trend; - = no trend). Number of sites showing trend within each waterbody is
indicated in parentheses. Sites were sampled in at least six of the eight years. All trends shown are statistically significant.

Adapted from O'Connor and Beliaeff (1995).
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EMAP-ESTUARIES

One goal of EMAP is to
quantltatlvely evaluate the Condition Of EMAP is a national program Inltlated in 1989 in
coastal estuaries, by investigating several response to the EPA Science Advisory Board's

. 1 ditions: h i (1 recommendation to monitor the status and trends
environmental conditions: hypoxia ( ow of the U.S. ecological resources -- terrestrial,

oxygen levels), sediment contamination, freshwater, and marine. The program is directed
coastal eutrophication, and habitat loss. A by EPA's Office of Research and Development,
with participation by other federal agencies (e.qg.,
NOAA, U.S. Forest Service, U.S. Fish and Wildlife
Service).

probability-based approach is used, which
allows estimates to be made of the
uncertainty associated with assessments and
improves the ability to identify ecological
responses to pollution. Of interest to the Great Waters are the EMAP-Estuaries results obtained
for the Virginian Province (Cape Cod to the Chesapeake Bay) and Louisianian Province (Texas to
west coast of Florida). Statistical data collected provide primarily quantitative information on a
regional scale.

Results are available for the Virginian Province for 1992 (trend data for 1990-1993 are
currently being analyzed), which include sampling results for two relevant Great Waters sites,
the Chesapeake Bay (as well as connecting tributaries and small water systems) (53 sampling
stations) and Long Island Sound (14 stations). Together, the two waterbodies represent
approximately 63 percent of the surface area of the entire province. One of the environmental
indicators assessed in the study was sediment contamination. Results showed that metal
concentrations in the sediment for the Chesapeake Bay were similar to the concentrations for the
overall Province (=24 ug/g for lead; =0.054 ug/g for mercury; =0.206 ug/g for cadmium). In Long
Island Sound, the concentrations of some metals in the sediment (44.2 ug/g lead; 0.088 ug/g for
mercury) were higher than those reported for the Chesapeake Bay and the overall Virginian
Province. These results suggest that Long Island Sound exhibits slightly higher contamination of
some metals in sediment compared to most other waterbodies in the east coast of the United
States. Comparing results among specific waterbodies within the regional area is limited because
the density of sampling points was not designed to thoroughly characterize each waterbody
separately. Also, uncertainty exists in the analysis of these waterbodies due to the short data
collection period (one year) (Strobel et al. 1994).

Biota Contamination by Major Waterbody

This subsection presents information from some monitoring studies and investigations
of the pollutant levels in tissues of biota living in the Great Waters. These studies, most of which
measure concentrations of metals and organochlorines in fish, provide evidence that toxic
contamination is occurring in biota from these waters. In most instances, the researchers focused
on pollutant levels in tissues of the biota, and did not look for toxic lesions or other adverse
effects. Nevertheless, some of the long-term studies provide information on potential
contamination trends in the species examined. In addition, studies that monitor toxic
contamination in sediment are presented because contaminated sediment may be a long-term
source of pollutant exposure to the aquatic biota and food web. These studies suggest
continuing contamination in the waterbody.
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GREAT LAKES

Contaminant concentrations in
gamefish from the open waters of the Great
Lakes have been monitored for over 20 years
and provide one of the most extensive data
bases on trends of environmental
contaminants in organisms at the upper end
of the food web. Three monitoring efforts
that data have come from include: (1) lake
trout monitored by Fisheries and Oceans
Canada; (2) lake trout and walleye
cooperatively monitored in U.S. waters by
EPA's Great Lakes National Program Office,
U.S. National Biological Service, and the
Great Lakes States; and (3) coho salmon
fillets cooperatively monitored in U.S. waters
by the Great Lakes States, FDA, and EPA's
Great Lakes National Program Office.

These monitoring efforts have
demonstrated that, while significant declines
in PCB and DDT concentrations in lake trout,
walleye, and coho salmon have been
observed over the past two decades, the
amount of residues of PCBs and DDT in

PCB Contamination in
Great Lakes Biota

Lake Trout/Walleye : During the period 1977-
1992, PCB concentrations in lake trout, as well as
walleye in Lake Erie, declined significantly, but in
recent years, concentrations have generally
remained stable or increased slightly in Lakes
Michigan, Huron, Superior, and Erie.

Coho Salmon : PCB concentrations in coho
salmon collected from Lake Michigan declined
from 1.9 ng/g (1980) to 0.38 ng/g (1983), but then
increased to 1.09 ng/g (1992). A similar pattern
was observed in Lake Erie and the upper reaches
of the Saint Lawrence River.

Herring Gull Eggs : Monitored since 1974, the
greatest decline in PCB contamination in herring
gull eggs occurred between 1974 and 1981.
Since then, the rate of decrease has leveled off,
and by 1991, slight increases were reported in the
levels of some PCBs.

Sources: De Vault et al. 1995, 1996.

these fish have leveled off or even increased slightly in the last ten years (De Vault et al. 1995,
1996) (see sidebar). This change in trend has occurred despite declining ambient water
concentrations of PCBs. A similar trend has been noted in the levels of PCBs and DDT in herring
gull eggs, which have been monitored by the Canadian Wildlife Service since 1974.

Lake condition changes can complicate pollutant contamination issues. The strong
correlation between trends in DDT and PCBs suggests that changes in the composition of the
food web (or trophic structure) may be partly responsible for increases in contaminant
concentrations at the upper end of the food web (i.e., gamefish) (De Vault et al. 1995, 1996). For
example, research by Haffner (1994) and Stow et al. (1995) on the exposure dynamics of organic
pollutants in Lakes Erie and Michigan suggests that changes in the food web could be the cause
of the observed increase in PCB contamination in biota. Large, regional pools of PCBs can be
reintroduced from sediments by benthic organisms. Changes in the species composition at the
mid-trophic levels of the food web may biomagnify greater amounts of PCBs to higher trophic
levels. Increased PCB levels in certain predator fish also may be due to reductions in their

growth rate.

Evidence of changes in the exposure dynamics of organic contaminants has been
observed in the western basin of Lake Erie with the invasion of zebra and quagga mussels
(Haffner 1994). These mussels increase biomagnification of pollutants in the benthic food
web by consuming significant amounts of phytoplankton that are contaminated with
pollutants. The major predator of the zebra mussel is the drum (a low-trophic level fish),
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which in turn is a preferred prey of the herring gull. By concentrating contaminants contained
in phytoplankton and other suspended organic particles, zebra and quagga mussels can cause
PCB levels in certain fish and in herring gulls to increase even though ambient water

concentrations of contaminants are decreasing.

The three monitoring programs
discussed above also provide information on
the levels of two pesticides, dieldrin and
toxaphene, in upper trophic-level fish from
the Great Lakes. Dieldrin concentrations
have exhibited a general pattern of decline in
the Great Lakes since the 1970s (De Vault et
al. 1995, 1996). Peak levels were noted in
1979 in Lakes Michigan, Superior, Huron,
and Ontario and again in 1984 in Lakes
Superior, Huron, Ontario, and Erie.
Toxaphene concentrations are highest in lake
trout from Lakes Michigan and Superior and
lowest in lake trout from Lakes Erie and
Ontario (De Vault et al. 1996). Lake trout
from Lake Michigan sampled between 1982
and 1992 suggest declining levels of
toxaphene during this period; however,
there was no significant change in
concentrations of Lake Superior lake trout

Sediment Core Data in the Great Lakes

Atmospheric pollutant loadings into the Great
Lakes region are estimated from mass balance
studies and modeling data, although indirect
measures of contaminant loadings, such as
sediment core data, are also desirable. Recent
measurements of sediment core data have shown
declining concentrations of PAHs in Lake
Michigan, PCBs and DDT in Lakes Michigan and
Ontario, and lead and mercury in Lakes Superior,
Michigan, and Ontario. Comparison of sediment
data between the Great Lakes provides additional
information on sources of loadings. For example,
toxaphene has long been thought to result from
long-range atmospheric transport from the
southeastern U.S.; however, sediment cores from
Lake Superior and upper Lake Michigan suggest
little decline in toxaphene (contrary to declines
observed for DDT, mercury, and PCBs in these
lakes). Efforts are underway to examine this
issue.

Sources: De Vault et al. 1995; Simcik et al. 1996.

(Glassmeyer et al. 1997). A similar trend was
observed in rainbow smelt. The drop in
toxaphene concentrations coincides with the
U.S. ban on toxaphene in 1982. The investigators speculate that the lack of decline in Lake
Superior is due to either a lake-specific source that continues to load toxaphene into Lake
Superior or a slower removal rate in Lake Superior compared to the other Great Lakes (more
discussion in Section IV.A on the Great Lakes).

In contrast to the monitoring studies of gamefish, monitoring of forage fish provides an
indication of contamination at lower levels of the food web. Rainbow smelt have been routinely
monitored in Lakes Superior, Huron, Erie, and Ontario by Fisheries and Oceans Canada since
1977. During this time, concentrations of PCBs, mercury, and total DDT have declined signifi-
cantly in smelt from these lakes (De Vault et al. 1995). Smelt from Lake Ontario consistently have
the highest tissue concentrations of PCBs (~0.5-2.25 ug/g) and total DDT (~0.15-0.6 ug/g), while
those from Lake Superior have the highest mercury levels (~0.02-0.1 ug/g).

Contaminant concentrations in young-of-the-year spottail shiners are useful indicators
of local, recent pollutant inputs into aquatic ecosystems because they do not travel extensively
during their first year of life. Surveillance of these fish by the Ontario Ministry of Environment
and Energy (primarily in Canadian waters) has shown a general decline in tissue PCB and DDT
concentrations (De Vault et al. 1995). Contaminant levels also have been assessed in young-of-
the-year fish from the New York waters of the Great Lakes (Skinner et al. 1994). Elevated
concentrations of PCBs were found mainly in fish from the St. Lawrence River drainage area
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below the Moses-Saunders Dam in Massena; these levels were attributed to industrial activities
in the area. Levels of mercury in these fish were low (<100 ng/g).

Zebra mussels have been considered to be potential system-wide biomonitors of organic
contamination trends in the Great Lakes (Comba et al. 1996). Researchers collected and analyzed
specimens from 24 sites in Lake Erie, Lake Ontario, and the St. Lawrence River between 1990 and
1992 for residues of PCBs and organochlorine pesticides. Mean concentrations of 154 ng/g total
PCBs, 8.4 ng/g total DDT, and 3.5 ng/g total chlordane (whole mussel dry weight basis) were
reported. Concentrations varied greatly between sites (e.g., 22497 ng/g total PCBs), which the
researchers attributed to the sensitivity of these mussels to different levels of contamination
(Comba et al. 1996). The investigators also indicated that the observations of spatial contaminant
trends in the study were similar to findings from other biomonitoring programs.

LAKE CHAMPLAIN

Current efforts to monitor toxic pollution in Lake Champlain have focused on fish and
sediment contamination by metals and organic compounds. The Vermont Department of
Environmental Conservation implemented a study to analyze soft tissue from mussels (Elliptio
complanata) as a bioindicator for the lake. Mussels were collected at mouths of several Lake
Champlain tributaries; chlordane and PAHs were detected in the mussels (LCBP 1994). In 1987-
1988, the States of Vermont and New York analyzed fish tissue collected from Lake Champlain
for 17 contaminants. Elevated levels of PCBs were found in large lake trout and in American eel
and brown bullhead. The findings of this study led, in part, to health advisories being issued
against eating these fish species in Lake Champlain (LCBP 1994).

Because of elevated levels of pollutants in Lake Champlain, the Lake Champlain
Sediment Toxics Assessment Program was initiated (McIntosh 1994). Pollutants that were
measured included trace metals (cadmium, mercury, lead) and organic compounds (PCBs, PAHs,
dioxins/furans). Pollutant levels were measured at nine sites during 1991 and 1992. Findings
after the end of the first phase (May 1993) provided little evidence of widespread high-level
contamination (although high levels of PCBs and PAHs were measured in sediment near two
dock sites). The study did find widely varying patterns of contamination. It appears that, at
some sites, some pollutants had higher concentrations in the deeper layers of the sediments, with
the upper layers of sediment showing less contamination, while other pollutants exhibited a
reversal of this pattern (McIntosh 1994); however, the investigator did not provide an
explanation for this deposition pattern. The local and/or regional source of the contamination is
not known.

As part of the Lake Champlain Sediment Toxics Assessment Program, a biological
assessment of the contaminated sediments was also performed (McIntosh 1994). Most of the
year, lake trout do not inhabit bottom waters near the sediment-water interface. However,
concerns exist for the mechanisms that may link lake trout to PCB-contaminated sediment. This
issue was evaluated by looking at one possible link, the freshwater shrimp Mysis relicta (or
mysids). Mysids are believed to be a major component in the Lake Champlain food web, and the
high lipid content of these organisms make them potential accumulators of PCBs. Laboratory
experiments demonstrated that exposure to PCB-contaminated sediment results in high levels of
PCBs in the mysids (McIntosh 1994). However, there was no attempt to predict the potential of
mysids to redistribute PCBs within the sediments in Lake Champlain.
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CHESAPEAKE BAY

Adverse effects that could be related to pollutants accumulating in the tissues of
organisms, such as reduced growth, reproduction effects, and tumor development, have been
reported in aquatic organisms in a variety of habitats in the Bay from the 1980s to the early 1990s.
The Chesapeake Bay Program has sponsored forums to assess contaminant levels in biota and to
reach a consensus regarding the trends in the pollutants found in biota and in sediment. While
significant declines in metal contamination of fish tissue have been observed over the past two
decades, elevated metal concentrations have been measured in fish in specific, more
industrialized areas of Chesapeake Bay (CBP 1994b).

Studies conducted from 1970 to 1992 show that chemical contamination has caused
various effects to wildlife in the Chesapeake Bay during the 1970s and 1980s (CBP 1994b). In
1991, the Status and Assessment of Chesapeake Bay Wildlife Contamination Forum was held to critically
review data on the effects of exposure and uptake of pollutants on Chesapeake Bay basin birds,
mammals, reptiles, and amphibians. The committee concluded that there was little evidence to
suggest pollutants were posing a serious direct hazard to birds in the early 1990s. Instead, it is
more likely that indirect effects on wildlife habitats and food sources (e.g., excessive nutrients,
suspended sediments, herbicides) have greater impacts on bird populations. The forum found
that there were insufficient information available at the time to fully assess potential adverse
impacts of chemical contamination on mammalian, reptile, and amphibian populations in the
Chesapeake Bay basin (CBP 1994b). Due to more recent scientific information on some
pollutants' mechanisms of action such as endocrine disruption (see Sections II.C and II.D), the
conclusions of the 1991 forum may need to be reevaluated with more current data on pollutant
contamination in Chesapeake Bay biota.

In 1993, the Chesapeake Bay Finfish and Shellfish Tissue Contamination Critical Issues Forum
was held to address the following issues: (1) magnitude and extent of fish and shellfish contam-
ination in the Chesapeake Bay and its basin; (2) impact (i.e., bioaccumulation, toxicity) of the
contamination at basinwide, baywide, regional, or local scales; and (3) comparison of the contam-
ination to that of other waterbodies (e.g., Puget Sound, Great Lakes) (CBP 1994b). The data com-
piled by the forum indicate that finfish and shellfish tissue contaminant concentrations declined
significantly after the 1970s for several metals, pesticides, and organic chemicals. For fish species
combined, concentrations of PCBs and DDT in fish liver tissue are in the low range relative to
national data. However, at the species-specific level, Atlantic croaker and spot collected from
1984 to 1987 had levels of chlordane, PCBs, dieldrin, and total DDT in the liver above the national
average and national median for these species. Lead and mercury concentrations in croaker
livers were generally above the national average and national median, while lead concentrations
in spot livers were sporadically high. The concentrations of PCBs, chlordane, dieldrin, DDT,
cadmium, and mercury in oysters in the Chesapeake Bay have declined between 1986 and 1991.
Levels of mercury, chlordane, toxaphene, and PCBs in finfish from the Chesapeake Bay basin "hot
spots" (e.g., Baltimore Harbor, Back River) are generally well below those found at other areas
considered contaminated (e.g., New York/New Jersey Harbor, Lake Michigan, Boston Harbor).

OTHER COASTAL AREAS

Several monitoring studies of biota contamination also have been performed in other
coastal waterbodies of the Great Waters. Some relevant findings are highlighted below;
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however, additional research is needed to provide a more complete picture of biota
contamination in some of these coastal areas.

L4

Galveston Bay. There is little information about historical trends and concentrations of
pollutants in aquatic organisms from Galveston Bay. For this reason, the Galveston Bay
National Estuary Program initiated a study to characterize pollutant contamination in
edible fish and shellfish in the bay. Between 1991 and 1993, 14 fish species, two shellfish
species, and three bird species were sampled for numerous pollutants, including several
Great Waters pollutants of concern. No "hot spots" of biota contamination were detected
and the fish tissue concentrations rarely exceeded FDA criteria for these contaminants
(Brooks et al. 1992). The study did not evaluate dioxins, but fish consumption advisories
to protect the general population currently exist for dioxins in Galveston Bay.

Tampa Bay. Tissue concentrations of organic compounds and trace metals in Tampa Bay
oysters (C. Virginica) (sampled between 1986 and 1989) were compared to reported levels
for adverse effects to mussels at other sites (Long et al. 1991). The average concentration
of total PCBs in the Tampa Bay oysters collected over four years was 0.15 ppm dry
weight; total PCB concentration of 0.18 ppm or greater occurred in 11 of 55 samples.
Investigators determined that, for total PCBs, adverse effects (e.g., reproductive effects,
cellular damage, and biochemical changes) in mussels were associated with tissue
concentrations of 0.18 to 1.43 ppm dry weight. The average concentration of mercury in
the Tampa Bay oysters collected over four years was 0.27 ppm dry weight; mercury
concentration of 0.4 ppm or greater occurred in 13 of 55 samples. Adverse effects (e.g.,
pathological and enzymatic responses) in mussels were associated with mercury tissue
concentration of 0.4 ppm dry weight. Based on these data, Long et al. (1991) concluded
that the PCB and mercury concentrations in some oysters in Tampa Bay may be
sufficient to cause potential adverse biological effects.

New York-New Jersey Harbor and New York Bight. In 1993, 23 species of fish, six species of
bivalves, two species of crustaceans, and one species of cephalopod were collected from
six areas of the New York-New Jersey Harbor, including the New York Bight Apex
(Skinner et al. 1996). The samples were analyzed for contaminants, including PCBs,
organochlorine pesticides, and mercury. Of these compounds, PCBs were the primary
chemical contaminants of concern. Average total PCB concentrations for American eel,
striped bass, white perch, bluefish, rainbow smelt, and the hepatopancreas of blue crab
and American lobster in one or more areas of the harbor estuary exceeded the FDA
tolerance level for PCBs (2,000 ng/g). In blue crab and American lobster, PCB and
organochlorine pesticide residue concentrations were particularly elevated in tissues
with high lipid content (e.g., hepatopancreas). The researchers noted that although
relatively low levels of contamination were found in muscle tissue, increased
contaminant levels in the hepatopancreas may present a substantially increased risk to
those people who choose to eat this tissue (Skinner et al. 1996). PCB concentrations were
highest in the Hudson River and Upper Bay, the East River, and the Arthur Kill-Kill Van
Kull-Newark complex; concentrations were lowest in Jamaica Bay and the New York
Bight Apex. The principal components of the PCB concentrations observed were the
higher chlorinated congeners.
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Residues of certain other contaminants (e.g., DDT, chlordane, dieldrin, and mercury)
also exceeded regulatory criteria in some fish tissue samples (Skinner et al. 1996).
Analyses were performed for hexachlorobenzene and toxaphene, but they were seldom
or never detected.
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I1.C Ecological Effects

This section is intended to provide a brief overview of the current literature on the
potential ecological effects (generally, adverse effects to aquatic organisms, birds, and mammals)
from exposure to the Great Waters pollutants of concern. In general, the information presented
in this section represents data published since the background document from the First Report to
Congress on exposure and effects (Swain et al. 1992a) was completed through 1995. Because the
information presented in this report covers only recent studies, it cannot be used alone to
determine whether these effects are widespread in the environment. As in the First Report to
Congress, the contribution of atmospheric deposition to toxic contamination and potential
ecological effects associated with exposure to the pollutants cannot be quantified at this time.

This section presents information on effects observed in both laboratory and field
studies; it does not, however attempt to establish a relationship between the two types of studies.
This section also does not provide information on the exposure levels of the pollutants
responsible for the observed effects. In addition, this section does not distinguish effects that
may occur in wildlife with long-term exposure to the pollutants of concern from effects caused
by acute, high-level exposures (e.g., accidental spills). The potential effects of a pollutant may
vary with duration of exposure, possibly due to a breakdown of the chemical in the body to
another chemical that is more toxic or affects other target organs than the exposed chemical.
Furthermore, adverse effects on ecological health caused by exposure to toxic contaminants are
not often easy to distinguish from other stresses. For example, fish populations in the Great
Lakes suffer from habitat loss, overfishing, and the introduction of non-native species, in
addition to the effects from toxic contaminant exposure (U.S. EPA 1995a). Finally, studies on
ecological effects generally do not determine the exposure pathway of the pollutants (e.g.,
atmospheric deposition). In this report, under future directions for research, EPA recommends
coordinated analyses of persistent pollutants that relate field measurements of concentrations to
estimated exposure and associated effects observed in biota.

Conclusions from the First Report to Congress

Information from the First Report to Congress is presented here to provide a foundation
for the subsequent discussion of the recent information available for this report. The First Report
to Congress, as well as the background document on exposure and effects (Swain et al. 1992a),
identified many adverse ecological effects, at both the individual species level and the ecosystem
level, associated with the pollutants of concern. In addition, the First Report to Congress
discussed eutrophication of estuarine waters, which is the main ecological effect relevant to this
report associated with nitrogen loading. Research findings and studies presented in the First
Report to Congress led to the following general conclusions concerning potential ecological
effects:

L4 The selected pollutants of concern have been linked to a broad range of effects at the
individual species level in aquatic organisms and other wildlife, including effects on the
reproductive, nervous, immune, and endocrine systems, and changes in enzyme
functioning.

L4 Reproductive effects of certain pollutants of concern include reduced fertility, increased
embryo toxicity, reduced hatchability, reduced survival of offspring, abnormalities in
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offspring, parental behavior change,
and changes in mating behavior Pollutants of Concern for Reproduction
(e.g., impaired hormone activity,
changed adult sexual behavior). For , T . )

L. . with reproductive impairment in aquatic and
example, eggshell thinning in a terrestrial wildlife include cadmium, DDT/DDE,
number of bird species and dieldrin, lead, lindane, mercury, PCBs, and
associated reproductive loss were 2,3,7,8-TCDD.
linked to exposure to DDT (and its
metabolite DDE) in the 1960s and
1970s. Recent decreases in environmental concentrations of reproductive pollutants of
concern, such as DDT and PCBs, are correlated with population recoveries in many bird
and other wildlife species; however, some populations in certain regions of the Great
Lakes still exhibit higher rates of reproductive failure than in other areas.

Pollutants of concern that have been linked

L4 Effects on the nervous and endocrine systems may occur at very low exposure levels.
For example, wild populations of Great Lakes herring gulls, Forster's terns, and ring-
billed gulls exposed to various pollutants of concern have exhibited behavioral changes
such as female-female pairings, which result in abnormal incubation activities and
nesting behavior, including nest abandonment.

L4 Several of the pollutants of concern cause changes in enzyme functioning. Studies
reported that the activity of enzymes responsible for the breakdown of foreign
compounds is greatly increased by most of the pollutants of concern. In fish, the
increased activity of these enzymes has been shown to result from exposure to PCBs and
PAHs. In birds, "wasting" syndrome (i.e., the condition in which an animal slowly loses
body weight until it can no longer sustain itself) has been related to altered enzyme
activity resulting from exposure to pollutants such as TCDD.

L4 Exposure of communities of bottom-dwelling aquatic species in the Great Lakes to toxic
chemicals has resulted in significant changes in species diversity and populations. In
addition, fish-eating birds such as bald eagles, herring gulls, and Forster's terns in the
Great Lakes region have undergone significant population declines since the 1960s.
Only in recent years, as water concentrations of pollutants in the Great Lakes have
declined, have some species begun to recover. Certain current population recoveries of
fish-eating birds are still dependent on migration to Great Lakes breeding colonies from
other areas.

L4 Eutrophication® is one of the most serious pollution problems facing estuarine waters of
the United States. Atmospheric deposition of various nitrogen compounds (mostly
nitrates and ammonium) can contribute significantly to eutrophication in coastal waters
where productivity is usually limited by nitrogen availability. Accelerated eutrophi-
cation results in severe ecological effects such as nuisance algal blooms, dieback of
underwater plants (due to reduced light penetration), reduced oxygen levels in the
water, and reduced populations of fish and shellfish. The reduction in oxygen levels

® Eutrophication is an overabundance of nutrients (e.g., nitrogen) in a water body. It is a natural process that
typically takes place over hundreds of years, but can be greatly accelerated by additions of nutrients from human
activities.
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may reduce or eliminate bottom-feeder populations, create conditions that favor
different species, or cause dramatic fish kills, resulting in an altered food web.

The remainder of this section presents updated information on ecological effects
associated with the Great Waters pollutants of concern.

Current Understanding of Ecological Effects

Since the First Report to Congress, updated information on the pollutants of concern
and their effects on aquatic and terrestrial wildlife has become available. This section first
discusses some notable research efforts on ecological effects relevant to some Great Waters
pollutants of concern and then provides a brief overview of recent data on the potential
ecological effects specific to each pollutant of concern.

As introduced in the First Report to Congress, the role of endocrine disruptors in causing
adverse effects wildlife and humans is an emerging and controversial issue. Endocrine
disruptors were termed "environmental estrogens" in the First Report to Congress; however,
because the interference with hormone action was found not to be limited to estrogen, these
pollutants are now more generally referred to as "endocrine disruptors." For example, p,p'-DDE
(a breakdown product of DDT) has been shown to inhibit the binding of androgen, a male
hormone, to receptors, among other androgen actions (Kelce et al. 1995). Several pollutants have
been identified as possible endocrine disruptors, including 11 of the 15 pollutants of concern for
atmospheric deposition to the Great Waters: chlordane, dieldrin, DDT/DDE, hexachlorobenzene,
lead, lindane, mercury (in the form dimethylmercury), PCBs, TCDDs, TCDFs, and toxaphene
(e.g., Cassidy et al. 1994; Chowdhury et al. 1993; Colborn et al. 1993; McKinney 1994; Soto et al.
1994; U.S. EPA 1994c¢). Since the First Report to Congress, scientific research on endocrine
disruptors has continued to provide evidence of their adverse effects and has investigated their
mechanisms of action (i.e., how they disrupt the endocrine system within the body).

The existence and effects of the hormone-like action of environmental pollutants were
first hypothesized in the 1950s and 1960s. In the late 1980s, scientists concerned with noncancer
effects of toxic pollutants brought this issue into focus. In July 1991, many scientists whose
diverse research interests touched on some aspect of endocrine system disruption convened at
the Wingspread Conference. The conference helped identify future research needs for
improving the understanding of endocrine disruptors, their mechanisms of action, and their
effects (NWF 1994). Many of the adverse effects in wildlife and humans (e.g., reproductive,
developmental, and immunological effects) associated with the pollutants of concern are now
theorized to be associated with the endocrine-disrupting action of the pollutants. Recent articles
published in the mass media have brought this issue widespread attention (Begley and Glick
1994; Suplee 1996; Weiss 1994; Weiss and Lee 1996).

Endocrine disruptors are believed to interfere with the operation of the endocrine
system in many ways, such as by mimicking natural hormones or by blocking natural hormones.
This interference can potentially disrupt the reproductive and immune systems and adversely
affect metabolism, growth, and behavior.

Some of the recent articles demonstrating endocrine disruption by a few of the Great
Waters pollutants of concern in aquatic and terrestrial wildlife are briefly summarized below.
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L4 Scientists in central Florida have been observing alligators from a contaminated lake and
a control lake. The researchers have found that alligator eggs and newborns from the
contaminated lake differ significantly from those in the control lake, showing reduced
hatchability, reduced viability of offspring, endocrine "demasculation” of males, and
"superfeminization" of females (Guillette et al. 1994). Juvenile alligators exhibit
significantly smaller penis size (24 percent decrease) and lower plasma concentrations of
testosterone (70 percent lower) when compared to alligators from the control lake
(Guillette et al. 1996). The alligators from the contaminated lake have elevated levels of
p,p-DDE, a known endocrine disruptor, in their tissues, which researchers believe are
associated with a large spill of a pesticide containing DDT. Studies into the mechanism
of action of these effects are ongoing (Guillette et al. 1995, 1996).

L4 Researchers have been studying the mechanism of action of endocrine disruption in a
common turtle species (the red-eared slider) and the African clawed frog (Palmer and
Palmer 1995). Their work has focused on a potential biomarker for exposure to endo-
crine disruptors called vitellogenin (egg-yolk protein in the blood of egg-laying verte-
brates). When stimulated by estrogen, the liver produces this protein and releases the
protein into the bloodstream, where it then circulates to the ovaries and is deposited into
an egg. Usually only females possess a sufficient amount of estrogen to produce vitel-
logenin; however, in a laboratory study, DDT induced vitellogenin production in male
turtles and frogs. In another study, PCBs and lindane were found to induce estrogen
receptor and vitellogenin accumulation in rainbow trout liver (Flouroit et al. 1995).

L4 In many egg-laying reptiles, the temperature of the incubating egg determines the sex of
the offspring. PCBs applied to the shells of turtle eggs during the period of sexual
differentiation counteracted male-producing temperatures and induced ovarian
development (Bergeron et al. 1994). Further study of the mechanism of action and
synergistic effects of different PCB congeners are ongoing (Crews et al. 1995).

L4 Researchers have recently been testing the hypothesis that endocrine disruptors, such as
DDE, mercury, and PCBs, are playing a role in the decline of the endangered Florida
panther population (Facemire et al. 1995). (Many have considered inbreeding the main
factor up to this point.) A large percentage of males have exhibited abnormal reproduc-
tive organs, sterility, and production of abnormal or deformed sperm. Both males and
females exhibit abnormal hormone ratios, with little difference in estradiol levels
between males and females (i.e., evidence that males have been demasculated and
feminized).

L4 The effluent from sewage treatment plants has been shown to induce vitellogenin
synthesis is male fish (Folmar et al. 1996; Sumpter and Jobling 1995). The investigators
attribute this effect to the estrogenic properties of environmental contaminants in the
effluent, though specific chemicals were not identified.

In recent years, several organizations and governmental agencies, including EPA, have
begun to support research efforts to further study endocrine disruptors. For example:

L4 The National Science and Technology Council, which advises the President and his
Cabinet on directions for federal research and development efforts, has given EPA
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the task of developing a national
research strategy on endocrine
disruptors by 1998. EPA recently
conducted two workshops to plan
research in this area (see sidebar).

The Chemical Industry Institute of
Toxicology (CIIT) has developed a
comprehensive research program to
evaluate the potential for selected
chemicals to affect the human
endocrine system. One of the critical
goals of this program is to
understand the relationship between
dose levels that produce an effect in
laboratory cell cultures and the dose
level needed for effects to be seen in
laboratory animals.

EPA's Risk Assessment Forum, which
promotes scientific consensus on risk
assessment issues, assembled a

Research Planning Workshops on
Endocrine Disruptors

Purpose : To develop a national research strategy
on endocrine disruptors, in response to growing
public concern over their adverse effects.

Findings : The hypothesis that endocrine
disruptors cause a variety of adverse effects in
wildlife and humans is of sufficient concern to
warrant a concerted research effort. Research
priorities include: identifying and characterizing
effects on developing reproductive systems; and
refining exposure assessments and research on
toxicology of mixtures.

Outcomes : EPA has published workshop findings
and recommendations in scientific literature,
begun implementing some of the identified
research initiatives, and has formed an Endocrine
Disruptor Research Coordination Committee.

Sources: Ankley et al. 1997; CENR 1996; Kavlok
et al. 1996; U.S. EPA 1995b.

technical panel to study environmental endocrine disruptors. The panel has released a
draft report that is intended to serve as an interim assessment and analysis of the
environmental endocrine disruption hypothesis until a more extensive exploration of
the issue can be completed by the National Academy of Science (U.S. EPA 1996d).

In addition to the recent focus on endocrine disruptors and their potential impact on
ecological health, other research efforts relevant to potential ecological effects of the pollutants of
concern include the following;:

EPA submitted a draft Mercury Study Report to the Science Advisory Board (SAB) for
review in June 1996. The report was reviewed by SAB in February 1997. EPA expects to
receive the opinion of SAB in the summer of 1997. The final Mercury Study Report will
fulfill the requirements of CAA section 112(n)(1)(B), including a requirement to assess the
environmental effects of mercury emissions.

Dioxin has been classified as the most potent known animal carcinogen, and as a
probable human carcinogen, since 1985. Increased concerns that dioxins in aquatic
environments may be a major contributor to overall human dioxin exposure through
fish and shellfish consumption, as well as increased evidence of its hazard to fish and
wildlife, prompted EPA to reassess dioxin's effects on aquatic ecosystems. Work on
characterizing ecological risks is in progress at EPA's Mid-Continent Ecology Division
of the National Health and Ecological Effects Research Laboratory (NHEERL) in
Duluth, Minnesota. EPA published the Interim Report on Data and Methods for
Assessment of 2,3,7,8-Tetrachlorodibenzo-p-dioxin Risks to Aquatic Life and Associated
Wildlife (U.S. EPA 1993a) on this research. The goal of the report is to review and
evaluate relevant published and unpublished data and models currently available for
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analyzing dioxin exposure to and effects on aquatic life and wildlife. Information on
related compounds, such as TCDF and PCBs, is not discussed in detail in the interim
report; however, it is expected that the final report will assess the contribution of these
related compounds to the risk for aquatic life and wildlife. The interim report findings
are presented under the discussion of TCDD in this section.

Based on information from the above
research on ecological effects of pollutants of
concern, as well as findings from recently
published data, a summary of the potential
ecological effects of the pollutants of concern
is presented in Table II-8. For each effect
attributable to a pollutant of concern, the
table identifies the organism type(s) in which
the effect has been observed (i.e., plants,
invertebrates, fish, amphibians/reptiles, birds,
and mammals). Table II-8 presents data on
the following types of effects: death; cancer;
reproductive/developmental, immunological,
metabolic/enzyme, and neurological/
behavioral effects; damage to the kidney,
liver, heart, lungs or gills, or gastrointestinal
tract; exterior changes; and decreased growth
or biomass. The information in this table is
based on both field and laboratory studies.

Pollutants of Concern and Health Effects
in St. Lawrence Estuary Beluga Whales

A 9-year epidemiological study in an isolated
population of beluga whales documented higher
levels of many pollutants of concern, including
dieldrin, DDT, HCB, lead, mercury, PAHs, and
PCBs, in these whales compared to Arctic belugas
(Beland et al. 1993). The St. Lawrence whales
exhibited high prevalence of tumors; high incide